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This invention relates to calculating machines
of the type which is adapted to effect calculating
operations of different types according to the
four arithmetical rules, such as, addition, sub-
traction; multiplication and division.

Machines of such types have, heretofore, been
devised but due to the limitations in construction
they have not been entirely automatic in opera-
tion requiring the intervention of the operator to

.carry out succeeding machine operations.

The primary object of the present invention is
to devise a calculating machine of the type de-
fined which will carry out the series of different
calculations sutematically and without the in-
tervention of the operator. Machines of such
{ype are primarily useful in solving simple and
complex equations when the representation of
the values involved are made in some sort of
number setting or representing means, whether

B0 it be value keys, settable number devices, a per-

forated card or the like. While the invention has
been disclosed in connection with a card con-
trolled machine it can be readily applied to cal-
culating machines with manually set number

gp representing devices and the present form of in-

vention should be considered as merely illustra-
tive and not restrictive.

A still further object of the invention is to
provide pre-set calculating control devices which

$0 determine which types of calculating operations

are to be performed and the sequence in which
they are performed, Preferably, a single calcu-
lating unit is employed; for effecting subtraction
and addition of values represented on a plurality

‘88 of card flelds according to a preselection so thai

40 be entered in said accumulator.

45

the algebralc sum may be entered in an accumu-
lator; a single calculating unit to effect multi-
plication and; a single unit to effect division,
wherein the results of-all the calculations may
A plurality of
keys, three in number are provided for each unit,
each key being in a different row. Hence the
selection of a unit is effected by the depression
of a key and its order of operation in the sequence
is determined by which key in the three rows is
depressed.

A still further object of the invention is to pro-
vide a perforating means to punch the result of a
calculation or a series of different calculations
upon the card controlling the calculations and to
perform this operation automatically and with-
out any-attention of the operator.

Digressing to the details of the various units
comprising the machine it is a stiil further ob-
Ject to devise an improved form of card feeding

(CL 235—61.8)

mechanism which is capable of feeding a card at
its marginal edge and without interference with
the sets of brushes adapted to analyze the per-
forated card columns.

The detachable brush units, which are a rela-."

tively important feature of the invention, con-
sist in each of a serles of brushes adapted to be
correlated with a card column. The brush uniis

-are positioned according to the controlling col-

umns and they are similar in construction except
for o brush unit of the units column of & fleld in-
volving & subtractive item where a change in
construction is made to cause the entry of a
tens complement in that order.

A still further object of the invention is to
provide an improved form of brush reading unit
which consisis of an emitter correlated with a
brush unit and adapted to transmit electrical im-
pulses at differentisl times depending upon which
index poing is perforated, or in other words, which
brush of g unit encounters a perioration.

Anocther object of the invention is to provide
a supplemental emitter capable of transmlttinx,
impulses at complementary times for the pur-
poses of subtraction when employed in connec-
tion with the cross calculation unit.

A still further object of the invention is to pro-
vide a plurality of accumulators for & dual pur-
pose, orie of which is to receive the resuit of a
cross calculation when a subtractive item is in-
volved. In this case a negative condition of the

‘accumulator is sometimes obtained and by im-

proved means this negative or complementary re-
sult is transmitted as a tens complement to the
second accumulator by means of the negative
emitter so that a true number is entered in the
second accumulator. The second purpose of the
provision of a pluralty of accumulators is to pro-
vide an accumulator to receive a dividend entry
in the operation of division while the quotient
may be entered in the second accumulator in
which a partial result is already entered or which
may, or may not, recelve the result of a subse-
quent type of calculation.

A still further object of the present invention
is to devise an improved form of card controlied
multiplying machine adapted to multiply num-
bers under card control and preferably by the
partials product method.

Another object of the invention is to provide an
improved form of card contirolled dividing ma-
chine capable of dividing two values represented
on a single card.

Another object of the invention is to provide
an improved form of cross calculating unit of a
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construction considerably simpler than has been
devised heretofore. '

Another object of the invention is to provide
cycle limiting devices for each of the three units
which eliminate idle cycles of the machine in se-
curing the ultimate result and initiate succeeding
calculating operations automatically when the
result of one calculation is secured.

A still further object of the invention is to
provide means whereby the cycle limiting device
of the calculating unit last employed, or the first,
if there is only one employed, causes the punch-
ing mechanism to be automatically rendered op-
erative.

In connection with the punching mechanism
it is an object to construct and devise an arrange-
ment which consists of a single line of punches
shiftable to be correlated with a card column not
being analyzed, in which case the same card is
fed to the punches and analyzing means at the
same time, differing from the prior art construc-
tion where the card is fed first to the analyzer
and then to the punches.

The improved form of punching mechanism ls
entirely electromagnetic in control and operation
and operates independently of the main oper-
ating mechanism. By the elimination of any
cyclic control or cyclic operation punching op-
erations ensue very fast and with almost lighting
rapidity, the time limitations being only the re-
sponse of the control relays and punching mag-
nets.

A still further object of the invention is to
provide a punch limit control so that upon the
punching of a preselected number of digits the
machine operation will be immediately termi-
nated and whereby zeros to the right will not be

" punched, since punching is initiated from the
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highest denominational order.

A still further object of the machine is to
provide an electrical means to sense which keys
in the different rows have been predepressed and
to cause the automatic functioning of the se-
lected units, and in the order predetermined by
the keys depressed.

A still further object of the invention is to
provide special keys, one a key designated “NB”
and adapted to cause negative total transfer op-
erations and the other designated herein as a
“T” key to cause automatic total punching oper-
ations when all three calculating units are not
utilized in the performance of a composite cal-
culation.

A still further object of the invention, espe-
cially in connection with .the punching unit, is
to provide means to cause the card feeding mech-
anism to feed the card step by step as digit
punching operations ensue,

A further object of the machine is to devise
a means for checking calculations performed by
the various calculating means so as to localize
errors either in calculation or punching. By the
improved arrangement the checking operation

requires but a single result receiving means and

the latter receives the result and controls the
punching of the result of the first calculation
after which it is cleared. Thereafter the same
card controls the re-calculation, the result of
which Is entered in the single result receiving
means and which is then compared with the re-
sult recorded on the card. A non-comparison
or lack of identity is signaled to the operator.
The checking device operates rapidly and with-
out cyclic operations requiring a minimum of
extra time for checking purposes.

2,224,774

Coming now particularly to the consideration
of the various calculating operations capable of
being performed by the machine anothe:r object
of the invention is to provide an arrangement
whereby the machine can be utilized to perform
repeated calculations of one type, or in combina-
tion.

In the appended drawings and the following
specification it is explained that the machine
can perform the calculation of multiplication
alone. Obviously by the selection of the divid-

" ing mechanism the calculation of division may

be performed alone and a similar statement fol-
lows for the cross calculation unit which causes
addition and with or without subtraction. By
the selection of three of these units the require-
ment of a universal tabulating machine is sup-
plied and an exemplary problem is described
hereinafter in connection with such use.

Various other composite calculations may be
performed and while a number of these have been
described it is not the intention to be conflned
to these particular uses since by the skill of the
operator other calculations can be performed.

Among these is the possibility of cross algebralc
calculation of one or more amounts when the
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result is positive and utilizing this result as a -

multiplicand or multiplier value. This result is
then multiplied by an amount represented on the
card which contains the representation of the
values of algebraic cross calculation.

The machine may also multiply two values and
add to the resultant product one or more values
either additively or subtractively.

‘The machine may also divide two values and
add to or subtract from the quotient result one
or more items. In this type of computation the
quotient result enters as an item of cross cal-
culation.

The machine may also divide two values and
add the quotient result to a product which ‘is
the result of a multiplying operation. ..

The provision of the separate calculating units
and the calculation unit selecting devices pro-
vides a wide variety of calculating operations and

permits of a rapid change in types of calculating -

operations, all of which will be obvious as the
following specification is understood. :
Further and other objects and advantages will
be hereinafter set forth in the accompanying
specification and claims, and shown in the draw-
ings, which by way of illustration show what is
now considered to be the preferred embodiment
of the invention.
In the drawings:
Figs. 1, 2, 3 and 4 when adjacently positioned
in the order _
Fig. 1, Fig. 2,
Fig. 3, Fig. 4,

represent the electrical wiring diagram of the
machine.

Fig. 5 is a longitudinal sectional view of the
machine and is taken on the line §—5 of Fig. 17.

Fig. 6 is a cross sectional view taken at the
right end of the machine and is taken on the
line 6—6 of Fig. 5 and shows.particularly the
construction of one of the clutches and associated
gear drive.

Fig. 7 is a view in side elevation showing in
detail the arrangement of the two clutches pro-
vided for the machine.

Fig. 8 is a longitudinal sectional view and is
taken on the line 8—8 of Fig. 7.

Fig. 9 is a plan view showing part of the ana-
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lyzing brush reéciprocating frame and the gear
driving connections to the card feeding mech-
anism.

Fig. 10 is a sectional view of the card punching
mechanism.

Fig. 11 is a detail view of the driving connec-

"tions between the main drive and the card feed-

ing mechanism and shows the electromagnetically
operated devices for feeding the card step-by-
step as card punching operations are effected.

Fig. 12 1s a longltudinal sectional view of the
card feeding mechanism.

Fig. 13 1s a view in side elevation of part of
the feeding tape and one of the card picker de-~
vices.

Fig. 14 is a detall view showing the construc-
tion employed to provide a card throat to pre-
vent more than one card from being fed out of
the supply hopper at one time. i

Fig. 15 is a plan view showing part of the feed-
ing tape and one of the picker devices earrled
thereby. ‘

Fig. 16 is a transverse sectional view taken on
the line 16—I6 of Fig. 5 and-shows clearly the
construction of one of the detachable brush units
and the mechanism for causing the reciproca-
tion of the brushes.

Fig. 17 is a front view of the assembled ma-
chine,

Fig. 18 is g view in side elevation showing the
denominational shift device for the multiplying

- mechanism.
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Figs. 18A and 188 are sectional views showing
details of ceriain contact devices.,

Fig. 19 is g plan view of the mechanism shown
in Pig. 18.

Fig. 20 is 5 sectional view taken on the lne
20—20 of Fig. 18.

Fig. 21 is a view in side elevation of the elec-
tromagnetically operated step-by-siep device
utilized to determine the type of calculating op-
eration to be performed as the machine is oper-
ated.

Fig. 22 is a secticnal view taken on the line
22—22 of Fig. 23.

Fig. 23 is a view in side clevation fllustrating
the preferred form of rotary switch utilized in
connection with card punching operations.

Fig. 24 is an enlarged sectional view taken on
the line 24—24 of Fig, 17 and show the details
of one of the accumulators.

Fig, 26 is & plan view of part of a tabulating
card shown perforated to control the various cal-
culating operations selected by weay of example
and the punched result thereof,

Fig. 26 is a transverse sectional view showing
the construction of the pre-set calculating de-
termining keys.

Fig. 27 is a sectionsl view taken on the line
27—21 of Fig. 35. .

Fig. 28 is a sectional view taken on the line
28—28 of Fig. 35. :

Fig. 29 is a view in side elevation taken on the
line 2929 of Fig. 6 showing the construction of
the partials product multiplying mechanism.

Fig. 30 is a sectional view taken on the line
30—30 of Fig. 29.

Fig. 31 is a sectional view showing the con-
struction of the card punching mechanism.

Fig. 32 is a sectional view showing a portion
of the construction of the partials product mul-
tiplying mechanism.

Fig, 33 is a view in side elevation taken on

the line 33—33 of Fig. 16.

Fig, 34 is a view in side elevation showing part

3

- of the mechanism utilized for effecting cross cal-
culating operations. ) v

Fig, 35 is a view in side elevation of the de-
nominational shift mechanism for controlling the
division calculating operations.

Fig. 36 is a detall view of a special card ana-
lyzing .unit used for the units denominational
order in controlling negative amount entry op-
erations.

Fig. 37 is an end view of the machine taken at
its left end as viewed in Fig. 5.

Fig. 38 is a detail view pf a transfer lock for
one of the accumulators.

Figs. 39 and 40 are diagrams illustrating the
timing of certain cams employed for controlling
electrical contacts.

Figs, 41-50 inclusive are diagrams of the plug-
board illustrating the plugging connections made
and the manipulative devices operated for differ-
ent calculating operations.

The power for operating the various mecha-
‘nisms of the machine is derived from an elec-
trical motor 10 (Figs. 3 and 5). In order to
initiate the operation of the motor and cause it
to operate continuously until subsequently
stopped, there is provided a start key i{ (Figs. 1
and 5).,

Electrical power for the machine is provided
by a direct current supply D. C. which is sup-
plied to the motor and electrical circuits of the
machine upon closure of a switch 12 (Figs. 1 and
5) thereby providing by a bus bar the positive
line side 14 (Fig. 1) and the negative line side
§8 (see Fig. 3) by eanother bus bar. Upon the
manual depression of the start key {§ (Fig. 1),
its contacts (8 will be closed thereby connecting
the positive line side 14 to & magnet 6 (Fig. 3)
of a motor relay (Fig. 3) through contacts con-
trolled by a stop key (7, the other side of the

magnet being connected to the negative line side.

i3. The magnel {8 when energized is adapted
to close relay contacts 16b (Fig. 1) thereby con-
necting the motor {0 across the lines {3 and 4
and causing it to run. By the energization of
the motor relay magnet {8 its relay contects
{6e (Fig. 1) will also be closed and these con-
tacts will shunt the start key contacts {5 there-
by causing the motor relay magnet {8 to be con-
tinuously energized until deenergized by means
to be subsequently described. At this point in
the description it should be noted that herein-
after magnets of relays employed in the machine
will be designated by numerals and the related
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contacts of the relays by the same numerals .

with subscripts a, b, ¢, ete.

Referring now to Figs. 5, 7 and 8, it will be
noted that the drive shaft {8 of the motor 10 is
adapted to continually rotate a drive shaft 19
through s coupling 20.. The shaft 19, while it
continually rotates, is adapted to selectively op-

~erate various mechanisms of the machine and to
provide for the selective operation of these mech-
anisms the machine is equipped with two one
revolution clutches which are substantially iden-
tical in construction and operation. One of these
ciutches is shown in Fig. 6 and this figure shows
& construction of a one revolution clutch which
is well known in the art to which this invention
appertains.

The shaft 19 which continually rotates has se-
cured thereto an element 21 provided with a plu-
rality of sets of radial extensions 22 (Fig. 8). At-
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tached to a driving gear 23 is a disk 24 upon

which is pivoted at 25 a spring pressed pawl 26

having a shoulder 27 thereof normally held out
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of engagement with one of the extensions 22 by
means of a hook of a clutch control arm 28. The
arm -28 is pivoted at 29 and has connected at its
lower end & core 30 of a clutch control magnet
3i. Pivotally mounted on the arm 28 is an arm
32 provided with a lug 33 bent over so as to en-
gage with an edge of the arm 28. A spring 34
connected to an extension of the arm 32 causes
the arm 28 to be held in such a position that
the hooked extremity of the arm 28 will engage
with & finger 85 of the clutch pawl 28 holding
the latter out of engagement with the related
extension 22. Normally, a square lug 38 of the
disk 24 is received between the top of the arm
32 and the horizontal edge forming the hooked
portion of the arm 28 thereby holding the disk
24 and gear 23 in a normally locked condition.
Upon the energization of the magnet 31, it
will be obvious that the arm 28 will be rocked in
a clockwise direction thereby releasing the
clutch pawl 26 for movement by means of a
spring 37 connected thereto. During the coun-
terclockwise rotation of shaft 19 the related ex-
tension 22 will engage with the shoulder 27 as
element 21 rotates to cause the rotation of the
disk 24 and the gear 23. At the termination of
a complete rotation of the gear 23, which here-
inafter is designated as “a machine cycle,” dur-
ing which time magnet 31 has been deenergized
the hooked extension of the arm 28 will engage

* with the finger 85 of the clutch pawl 26 thereby
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disengaging the clutch pawl 26 from the related

extension 22, thus terminating the rotation of

the gear 23.

Also mounted by the pivot of the clutch pawl
2§ there is provided a loosely pivoted arm 38.
Upon the release of the clutch pawl 28 by the
control arm 28 it will be obvious that the related
extension 22 will be firmly held between the
shoulder 27 of the clutch pawl 26 and the free
end of the arm 38 thus securely locking the disk
24 and element 21 together. When the clutch
paw! 26 is subsequently moved to disengaged posi-
tion with respect to the extensions 22 the arm
38 by means of a pin 26a secured to the clutch
pawl 26 will likewise be moved free of the exten-
sion 22, as shown in Fig. 6. At this time the lug
36 will be firmly held between the shoulder of

the arm 28 and the upper end of the arm 32 to-

prevent any overthrow of the disk 24.

Referring to Fig. 7, it will be noted that a simi-
lar clutch is provided to cause the rotation of a
gear 39 and this clutch is controlled by a card
feed clutch control magnet 40. An arm 4f which
is similar to the arm 28 is operated by magnet 40
and also has associated therewith a clutch pawl
and disk arrangement similar to that disclosed in
Fig. 6. The clutch disk of the clutch now being
described is designated by numeral 42 and is
similar to the disk 24 previously described and
the clutch connection is adapted to cause a me-
chanical driving connection between one of the
other sets of radial extensions 22 and a clutch
pawl 43 pivotally carried by the disk 42 and in the
plane of the other set of extensions 22.

The clutch control magnet 40 when energized
is adapted to cause the feeding of a tabulating
card from a hopper to an analyzing mechanism
for one or more different calculating operations
performed selectively and automatically by an
operation of the machine. _

The electrical connections for causing an en-
ergization of the clutch control magnet 40 (shown
in Fig. 7 and also in the wiring diagram of Fig. 1)
will now be described. The tabulating cards 100

2,224,774

which are adapted to control calculating opera-
tions are placed within a hopper 44 (Figs. 5 and
12) of a box-like formation, the upper end being
open for the reception of the cards and the
weight of a card together with the usual presser
plate is sufficient to depress a plunger 4§ (Fig. 5)
and cause the closure of contacts 46 and 47 (Figs.
1 and 12) and such contacts will remain closed
as long as there is a card in the hopper 44.
Referring now to Fig. 1 the circuit for the card
feeding clutch control magnet 48 will now be
explained. When the motor relay 16 is energized
and contacts 16a are closed and with a card in
the hopper, the circuit extends from the positive
line side 14 through relay contacts 16a now
closed, stop key contacts, contacts 48 (Fig. 1)
now closed, contacts 41 (Figs. 1 and 6) now
closed, clutch control magnet 40, cam controlled
contacts C—I1 (Fig. 3) now closed, relay contacts
82c which are now closed, to a wire 50 which ex-
tends as shown in Fig. 2 to contacts 51 which are
now closed. Contacts 51 are connected by a wire
to normally closed contacts 52, one blade of
which is connected to the negative line side 13
(Fig. 4). Upon the energization of the clutch
control magnet 80, the gear 39 (Fig. 6) will be
rotated to cause the feeding of a card (00 from
the hopper 44 in a manner now to be described.
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The gear 39 (Fig. 6) meshes with a gear 53 '

attached to a shaft 54 and the extremity of the
shaft 54 carries as shown in Fig. 5 a bevelled
gesr 55 in mesh with a bevelled gear 56 loosely
mounted on a shaft 5§71.

Secured to the bevelled gear 56 is a sleeve 58

(Figs. 9 and 11) to which is attached a disk 58,

it being understood that both the sleeve 58 and
disk 58 are loosely mounted on a shaft §7. The
formation of the disk 59 is best shown in Fig. 11
wherein it will be observed that it is provided
with a cut-out portion forming shoulders 60 and
61, the shoulder 60 normally abutting a pin 62
carried by a mutilated ratchet gear 63. The gear
63 is secured to the shaft 5T and one end of the

shaft as shown in Fig. 9 has fixed thereto a

sprocket wheel 66 (Fig. 12) having a series of
radial projections 64. Encircling the sprocket
wheel 66 (Fig. 12) is a continuous band of metal
65 preferably of flexible steel or brass, the strip
being perforated so as to receive the projections
64 of the sprocket wheel 66. . )
Referring now to Fig. 12, it will be noted that
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a shaft 67 is pivotally mounted in a bracket 68 -

of the machine and the shaft 67 carries a sprock-
et wheel 68 similar to the sprocket wheel 66 in
that it is also provided with projections adapted
to receive the apertures of the feeding band 6%.
As best shown in Fig. 12, the upper part of the
band 65 passes through a hopper 44 at the bot-
tom thereof and is so positioned that the lower-
most card 100 will rest upon the band or tape 65.

The form of tabulating card 100 adapted to
be employed to control calculating operations Is
well known in the art and is fully shown and
described in the patent to C. D. Lake, No.
1,772,492, August 12, 1930, and as shown in this
patent the upper horizontal marginal portion is
blank and is not adapted to receive perforations
to represent values. '

The tape 65 is adapted to be aligned with this
particular part of the card in order not to inter-
fer with the analyzing brushes adapted to analyze
the perforations of the tabulating card. The
feeding tape 65 is provided with a plurality of
card feeding devices or ‘pickers” more fully
shown in Figs. 13 and 15.
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Referring particularly to Fig. 15, it will be seenn
that to provide an efiicient card feeding device,
the tape at each of several portions is provided
with a pair of tongues 19 and 71, the tongue 70
being formed by means of cuts T8’ and 78’/ and
the associated tongue 7{ is formed in a similar
manner. The “picker” comprises & wedge-shaped
member T2 which is preferably soldered or weld-
ed to the tongues 70 and 1i but not to the part
of the tape between the tongues 78 and 7. In

‘order to provide a suitable shoulder to engage

the edge of the card, & shoulder 13 is provided
and is so dimensioned that when the tape 65 is
fed to the left under the stack of cards, the in-
clined end of the member 72 will slightly glevate
the right end of the card to be fed until the right
edge of the card is engaged by the shoulder %8.
Thereupon the movement of the feeding tape 68
to the lefi will causs the lowermost card to be
fed out of the hopper 84 and to & position be-
neath sanalyzing brushes to be subseguently
described.

It will ke obvious in view of the fact that the
tepe 69 i1s fiexible and must move around the
sprocket wheels in 2 concenfric path that the
feeding member 72 cannot be rigidly secured to
the tape 85, As the tape passes in s concentric
path over either sprockst wheel 66 or 69, the
tongues 76 and 74 together with the member 72
may occupy & movement independent of the part
of the tape €8 passing around & sprocket wheel
therebv preventing damaging and separation of
the parts if an integrael construction was em-
ployed.

A plurality of such feeding members 72 is em-
ployed and one of them is normally so positioned
as to cause an engagement with the lowermost

‘card and feed the same to the left as viewed in

Fig. 12 when the card feed clutch control magnet
48 (Fig. ) is energized.

In order to prevent the feeding of more than
one card from the hopper 44 at & time there is
attached to one side of the hopper 64 a plate 74
(Fig. 14) positioned with respect to a plate 7§
so as to form g card throat 76 of such dimensions
that only one tabulating card {806 may be fed out
of the hopper 44 at one time.

Upon a complete rotation of the gear 39 (Fig.
7), the tape 65 will be fed to such an extent that
the tabulating card will be positioned beneath ¢
series of analyzing brushes 77 (see Fig. 12)
whereupon the card will remain in this position

- during the calculating operation.

Hh
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Referring to PFig. 5, it will be seen that the
gear 38 is adapted to mesh with s gear 78 at-
tached to a cam carrying shaft 78. This shaft
carries a series of cams adapted to control the
opening and closure of “F” contacts heremafter

- 1o be referred to.

Referring to Fig. 1, it will be seen that shaft
18 is provided with a caimn 88 adapted during the
final movement of the shaft 79 to close contacts
F—Z. Assuming that there is a card in the hop-
per 86 to cause the closure of contacis 46 when

3 contacts P—2 are closed the circuit to the clutch

magnet 31 will be closed through relay contacts
16a, stop key contacts, contacts 46 now closed,
cam controlled contacts F—2 and glso contacts
82z (Fig. 3) which are now closed.

Referring to Fig. 6, it will be obvious that the
clutch control magnet 31 is energized just a short
time prior to a complete rotation of the gear 39
of the card feed clutch but the gear 23 will not
be driven until one of the extensions 22 engage
with the previously released clutch pawl 26 at

5

which time the gear 3% has been given a complete .

rotation. In this manner, the gear 3% is first
given & complete rotation and then upon ifs stop-
ping the gear 28 will, by means of its controliing
clutch shown in Fig. 6, be given one or g series
of rotations depending upon the type of calculat-
ing operation to be performed.

Referring to Figs. 1 and 6, it will be noted that
when the arm 28 is shifted by the energization of
the magnet 3f the contacts 48 (Fig. 1) will be
opened thereby causing the deenergization of
the card feed clutch control magnet 46. INever-
theless, as previously stated, the card feed cluich

- will be retained engaged to cause a complefe ro-

tatlon of the gear 88. With the opening of con=~
tacts 88 contacts 83 (Fig. 1) will be closed there-
by extending the circuit from the positive line
side i4 through relay contacts 16¢, stop key con-
tacis, contacts 83 to the cluteh control magnet
&1 and independently of the card controlled con-
tacts 46 and the cam controlled contacts F—2.
When the last-mentioned contacts F—2 opsn,
the circult to the clutch comntro! magnet 8¢ will
be retained closed by the closure of contacts §9
and the gear 28 will be given a series of rots-
tions until terminated by the opening of con-
tacts 82a effected by the energization of a relay
magnet 82 by means to be subsequently described,
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or by the opening of cam confrolled contacts .

C~—1{ near the end of the machine cycle if the
stop key is depressed as is also later described.

When a fabulating card 188 is fed out of the
hopper 44 the leading edge of the card passes to
the left, as viewed in Fig. 5, and the card in its
travel to the left is further guided by means now
to be described.

Referring to Fig. 16, 1i. will be noted that there
is provided g longitudinal bar 84 of insulating
material supported by the frame of the machine.

Ajtached to the bar 84 is g longitudinal metal |

plate 85 provided with g recess 86 in which the
card feeding tape 68 travels. (See also Fig. 9.)
Rigidly secured to the plate 8% is o longitudinal
plate 87 which iIs cut underneath longitudinally
so that with respect to the upper surface of the
feeding tape 65 there is formed a slot adapfed to
receive the card 866. The other edge of the card

45

is adapted to travel in a plane beneath the -

brushes 17 by passing over a series of spaced
tracks 88. A bar 89 of insulating material is
provided with a tongue %0 providing & space
above tracks 88 to further guide the edge of the

50

card in its transverse movement and to keep it -

aligned with respect to the brushes 7.

& series of tracks 88 are provided, one for each
card column, and they are preferably mounted
by the following construction. Attached to. a
stationary bar 91 (Fig. 16) is a bar 92 of insulat-
ing material provided with longitudinal slots 93
(see Fig. 9) adapted fo receive the tracks 88
which are constructed of some desirable metal of
high electrical conductivity. The bar 8% (Fig.

55

60

18) is provided with slots similar to slots 93 of -

the bar §2 and are aligned therewith so that
when the bars 90 and 92 are supported in the
manner shown in Fig. 16 and suitably spaced
apart, siots are provided for holding the tracks

88 in proper position and insulated from each’

other.

‘The rear portions of the metallic tracks 88 are
received by a series of slots 94 formed in the bar
84 (see Figs. 10 and 16) so as to rigidiy hold the
metallic tracks 88 at their rear ends and spaced
apart from each other. One track 88 is provided
for each controlling card column there being
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guiding means for eighty tracks for a correspond-
ing number of card columns of the tabulating
card.

Associated with each track 88 is a brush unit
135 (Fig. 16) comprising a series of ten flexible
wire brushes 17 which are adapted, when the
card is in analyzing position, to be pressed
against the card whereby the brush 77 positioned
over the perforation in a column will pass
through the perforation and make an electrical
contact with the related track 88.

A suitable reciprocable framework is provided
to carry all of the brush units 135 which are
manually placed in operative position and to fur-
ther cause the brushes to partake of a reciprocat-
ing movement. As best shown in Fig. 9, this
framework comprises a transverse plate 95 pro-
vided with ears 96 adapted to fit in slots 97 of
guide bars 98 attached to a cross bar 99 compris-
ing part of the machine framework. Fig. 9
shows the structure for guiding the plate 95 in
its reciprocating movement at its right end and
precisely the same construction is used for guid-
ing the frame at its left end. The transverse
plate 95 is provided with integral arms 101 (Figs.
9 and 16), and 102 (Fig. 37). It is, therefore,
obvious from the preceding description that the
transverse plate 95 and side arms (01 and 102
comprise a yoke-shaped framework which is slid-
ably mounted.

In order to effect a downward movement of
the brush carrying framework, the following
mechanism is preferably employed. The trans-
verse plate 95 carries at each end, as shown in
Figs. 9 and 16 for one end, & bracket 103 pro-
vided with a pin 104 adapted to receive the open
slot of an arm {05 secured to a rock shaft 106.
Attached to the rock shaft (86 is an arm 107 pro-
vided with a roller 108 adapted to cooperate with
a profile cam 109 secured to a shaft 1{0. In
the normal condition of the machine the brush
carrying framework is in its upward position
with the brushes 11 above the metal tracks 88
at which time the roller 108 rests on a circular
part of the cam 109. During the initial rotation
of the cam 109, in a clockwise direction (Fig. 16),
and after the card is beneath the analyzing
brushes 711, the cam portion {11 will rock the
arm 107 against the action of a spring {12 there-
by depressing the brush carrying framework
downwardl; and when it is in a depressed posi-
tion it will be held by means of a spring pressed
latch pawl 113 latching over an arm {14 secured
to the shaft 106.

In order to cause the rotation of the shaft 110,
the following gear connections are provided, Re-
ferring to Fig. 6, it will be seen that the gear 23
is adapted to drive a pinion 115 secured to a
transverse shaft 116, The shaft 116 as shown in
Fig. 16, is provided with a pinion 11T adapted
to drive a gear 118 secured to the shaft (10. As
previously stated, during a calculating operation
the gear 23 is repeatedly rotated so that, through

~gear connections described, the cam 109 will also
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be repeatedly rotated. However, in view of the
action of the latching pawl 113 after the initial
rotation of the cam 109 further rotations of said
cam will be ineffective to again move the arm
107 since the- roller 108 thereof will be held out
of .cooperation with the cam portion 1 of the
cam 108 and the brush carrying structure will
be hetd in depressed position.

By means to be later described the brushes are
subsequently released for restoration to their
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normal upward position out of contact with the
tabulating card 100.

The preferred form of constructlon of each
brush unit 135 and the means whereby the vari-
ous brush units 185 are carried by the brush car-
rying framework will now be described with par-
ticular reference to Fig. 16. Each unit 135 com-
prises a plate 119 of insulating material which
is provided with a diagonal cut or recess 120. In
the process of manufacture a series of horizontal
cuts 121 is made in the plate 119 and diagonal
cuts 122 are also made, both of which terminate
into the diagonal cut 120. Thus, a continuous
recess is formed so as to receive a related brush
holder 123 and an electrical contact pin 124
fitted within said holder. The brush holders and
pins are differently shaped and bent so as to be
received by its appropriate recess to thus provide
a series of spaced brushes 11 spaced apart cor-
responding to the index points of a column of the
tabulating card and to cause the conducting pins
124 to be spaced so that each row of conduct-
ing pins extends in a vertical plane. When the
brush holders and associated pins are assembled
within the plate §19 they are substantially flush
with its surface so that they may be held in as-
sembled position by means of an attached cover
plate 125,

Referring to Fig. 16, it will be seen that the
transverse plate 95 carries a longitudinal bar
126 of insulating material suitably cut longitu-

dinally so as to receive eleven metallic bars {21.

Adjacent bars are preferably insulated irom each
other by means of longitudinal strips 128 of insu-
lating material.

A plurality of series of holes in each of the
eleven bars 12T is provided and each series is
aligned on a vertical line so as to receive the con-
ducting pins 124 of a related brush unit. In or-
der to further receive the conducting pins 124
the bar 126 is provided with holes which are
aligned with respect to the holes of the series
of bars 121. The bars 126, 12T and separating
insulating strips 128 may be conveniently held
by the plate 126 by any suitable means.

When certain columns of the tabulating card
are adapted to control calculating operations the
associated brush units 135 are positioned so that
the conducting pins 124 thereof are received and
held by the brush carrying framework in the
manner previously described. It will also be re-
called that for each card column the tabulating
card is provided with ten index points, zero to
nine inclusive. It will thus be obvious that by
the provision of the ten lowest bars 12T all of
the brushes related to the same index points of a
plurality of columns are electrically connected
by the related bar 127. However, the metal
tracks 88 are insulated from each other so that
only the brush 11 which passes through the par-
ticular perforation of a column will be effective
in an electrical circuit for control purposes.

In order to further hold the brush units 135
in adjusted position to the brush carrying frame-
work each of the plates 118 and 125 (together
with the side arms {101 and 102 of the yoke-
shaped frame) is provided with a slot 129 adapt-
ed to receive a locking plate 130.

The locking plate 130, as best shown in Fig.
9, is provided with a plurality of slots {31 for
receiving the forward edges of the brush units
135 placed in operative position and thus spac-
ing them apart. When the locking bar 130 is
manually inserted so as to enter the slots 129 of
the brush units {35 and the side arms (81 and
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102 a portion {32 (Fig. 9) projecting outside of
plate 181 will be received by an aperture in o
spring plate 183 attached to the plate (86, the
aperture corresponding to the sectional outline
of the projecting portion {32. A somewhat simi-
lar locking means for the left end of the lock-
ing plate 13€@ is provided by means of g spring
plate 138 (see Fig. 37},

As diagrammatically shown in Fig. 2.the arm
102 carrles & pin {38¢ (see also Fig. 17) adapted
when the brush carrying framework is depressed
to engage with the lower blade of the contacts
to thus open contacts 52 and open the circulf
of the card feed clutch control magnet 48.  Thus
cards cannoct be fed to csuse damage to the
brushes 77 if the brushes are in depressed posi-
tiomn.,

It should alsc be noted thal the pin 1364 is
also adapted to close contacts 52’ (Figs. T and 5)
when the brush carrying framework is depressed
and such contacts are ufilized, as will now be
described, to cause the energization of the clutch
magnet 8{ -after the start key has been depressed.

Referring to Fig. 3 it is obvious that when the
contacts controlled by the stop key 17 are opened
during a cycle of machine operation the cir-
cuit to the motor relay meagnet 16 is opened at
this point. However, these contacis are shunted
by cam controlled contacts C—{ controlled by &
cam which is on a shaft {66 driven by gear 23,
as will appear laber

These contacts thus retein the motor relay 8
magnet and clutch magnet 31 energized until al-
most o complete revolution of the gear 28 even

’ though the stop key contacts are opened at any

time during the machine cycle. The clutch and
gear 23 coast to home position after cam con-
tacts C—I open, as is well known in the art.

If it is now desired to again start the machine,
with the brush framework down and the con-
tacts 52’ (Fig. 1) closed, the siart key is now de-
pressed to energize the motor relay magnet (6.
The circuit to the clutch control magnet 81 will
now be from the positive line side 14, through
relay contacts §6a, stop key contacts, and con-
tacts 52’ to the clutch control magnet 31,

Multiplying mechanism

The present machine is adapted to automati-
cally efiect in a predetermined sequence dif-
ferent types of calculating operations under con-
trol of o single tabulating card {88, For the
present, there will be considered the manner -in
which multiplying operations, preferably ef-
fected by the partial products method, may be
performed.

In Fig. 25, there is shown a tabulating card (30
which is shown perforated in columns 1 to 4 ¢o
represent a multiplier -4321- and also shown
perforated in columns 5 to 8 inclusive to rep-
resent a multiplicand -1234-, which numbers
can be multiplied together to enter the product
in & product receiving accumulator. The card
is placed in the hopper 8§ with the printed face
upwardly so that the card is fed to the brushes
with the part having the cut-off corner leading.
Correlated with these card columns, as previ-
ously described are analyzing units 135 and the
metal tracks 88 each of which has connected
thereto a plug cord (see Fig. 16), numeral 136
(Fig. 3) representing the plug cords for the mul-
tiplier and numeral §37 representing the plug
cords for the multiplicand.

The plug cords 136 are inserted as shown by

4

dotted lines in plug sockets 138 (Fig. 1) and the
plug cords 137 are inserted as shown by dotted
lines in plug sockets 8¢ (Fig. 1). Fig. 17 dis-
closes the plugboard of the machine and the
plug sockets {38 and 139 receiving plugs 138 and
187 in carrying out the multiplying operation
used as an example are shown in black as well
as for other sockets received by plugs connected
to the metal tracks 88.

The above described plugging operations and
others are made prior to machine operations and
where other columns are utilized to represent the
muléiplier and multiplicand the metal tracks 88
corresponding to said card columns are plugged
and brush units §35 are inseried for correspond-
ing columns. It should also be noted that plug
connections for the muliiplier representing ¢ol-
umns are 50 mede thai the “units” representing
column will be the first to conirol and the others
in succession in accordance with their increasing
denominational orders. 'This, of course, iz {he
usual practice and is well known to be necessary
for proper multiplying operations.

The denomingationsal shifi device for the muiti-

' plying mechanism is diagrammatically shown in

Fig. 1 and the detalls are disclosed in Figs, 18,
i84A, 18B, 19 and 20 wherein it will be seen thet
there Is provided a bar 140 of insulating material
which is atfached to & bail (4¢ slidably mount-
ed on & vod (42, The rod 142 ig carried by a
multiplying unit frame plate 143 which is aiso
ndapted to carry the various parts comprising
the denominational shift device. In the nor-
mal position of the bar 140 » series of contact
elements (44 carried thereby will be out of con-
tacting relationship with contact elements (45
carried by a stationary bar M@ and also fixed to
the freme plate (63,

Eachz of the contact clements 144 has a wire
connection £47 to the related one of the afore-
mentioned plug sockets (85, However, upon a
half step of movement of the bar (40 by means
now to be described, the contact elements (144
will be shifted to make electrical contact with the
series of stationary contact elements 145,

The means for effecting this initial half shift of
the bar {48 will now be described. The ball (41
is provided with a series of teeth 148 (Fig. 18).
Pivotally mounted on the frame plate 143 is an
arm 148 upon which is pivoted at 130 a feeding
pawl i3{ having a lug 152 adapted to cooperate
with the teeth 148 but normally overlie the up-
per edge of the bail {4{ and between adjacent
teeth {48 thereof. Also resting upon a tooth
portion hetween successive tooth spaces is & lug
188 of a retrograde preventing pawl 156. An
extension of the feeding pawl 15{ is pivoted to &
core 155 of a magnet 188. Upon energization of
the magnet $5§ the pawl (31, as it is shifted to
the left, will be moved & half step idly until the
lug (52 enters the notch comprising the tooth
space at the extreme left, as shown in Fig. 18.
Upon further movement of the core 155 caused
by the continued energization of the magnet 56
the feeding pawl 5§ will cause bar 140 to be
shifted the distance of s half tooth space at
which time the lug 152 of the retrograde pre-
venting pawl 154 will engage with a tooth space

-of the bar 140 thereby preventing any retrograde

movement of the bar 140 which would be caused
by & return -spring 157 connected to the bar
140 and the frame plate 143 - '

Upon the return of the arm 148 and the feed-
ing pawl {61 effected by a spring 168 the arm (49

will be returned to its normal position and the
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spring 158 will rock the feeding pawl 151 clock-
wise to the position shown in Fig. 18, but at this
time the lug 152 will be directly positioned over
a tooth space. Thereupon each subsequent en-
ergization of the magnet 156 will cause the bar
140 to be moved a distance corresponding to a
full tooth space.

The sockets 138 are adapted to have wire con-
nections 159 to a series of contact elements 160
carried by the stationary bar 146. Cooperating
with the contact elements 160 is a single movable
contact element 161 movable to coact successive-
ly with the contact elements 160 as the bar 140
is given successive movements in equal units.
The first contact element 161, as best shown in
Fig. 18a, is normally out of electrical contact with
the contact element 160 correlated with the units
card column. However, upon a shift of the
bar 148 equal to a half a unit the contact element
161 will make the desired electrical contact with
the first contact element 160 of the series, where-
by multiplying operations may be effected under
control of the first multiplier digit, which in the
problem assumed represents the digit “1.”

Referring particularly to Fig. 6, it will be re-

-called that after the card has been fed to the de-

sired analyzing position, the gear 23 will be given
a-full rotation to drive a pinion 115. The pinion
i {5 meshes with a gear 162 which is in mesh
with a gear 163 secured to which is a pinion 164,
The pinion {64 drives a pinion 165 secured to
the shaft 166.

Shaft 166 is also shown in Fig. 24 and car-
ries a series of cams which control the opening
and closing of various C contacts employed during
a multiplying and other calculating operations,
each of which will be described as the descrip-
tion progresses.

Referring to Figs. 1, 17 and 26 reference nu-
meral 167 refers to a series of multiplying con-
trol keys, each key cap having a letter “X” to
represent multiplication and a numeral as a sub-
script. When the calculating operation is to be
multiplication one of these keys 167 is manually
depressed to cause the closure of related con-

 tacts 168. In the example assumed multiplica-
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tion is the first calculation of a series so that
the X1 key is depressed to cause the closure of
contacts 168: (Fig. 1). The construction of one
of the keys 1871 which is the same for all is shown
in Fig. 26 where it will be seen that when the
key is depressed a locking notch 169 will be en-

gaged by a pin 170 carried by & spring urged de-

tent plate to hold the key in its depressed posi-
tion. The depression of the key is adapted to
elevate a contact blade 1Tl to cause the closure
of the aforementioned contacts 168. .

Referring now to Figs. 2 and 4, it will be
seen that from the negative line side I3 there is
a wire connection 172 to a switch arm 173 through
contacts 384 (see also Fig. 11) which are normal~
ly closed. The switch arm 113 is also shown
in Fig. 21 and in its normal position, correspond-
ing to the first calculating operation, it is in elec-
trical contact with a contact point 1741, which
leads by a wire connection 115 (see Fig. 4) to the
contacts 1681 of key X1 (see Fig. 1). From the
closed contacts 1681 there is a wire connection
116 (Fig. 1) to the magnet 156 and also to a
multiplication control relay (83 which is con-
nected to the positive line side {4,

When the key Xi is depressed to cause the
energization of the magnet 183 of a relay, this
relay will cause the opening of contacts 183a and
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183d and the closure of contacts 188b and 183c,
all being shown in Fig, 1.

The other side of the magnet 156 has a wire
connection 1717 to a contact plate 118 carried by
the bar 146 and normally contacting with a mov-
able contact element 179 carried by the movable
bar 140. Prom the contact element 179 the cir-
cuit extends through the relay contacts 183c,
now closed, cam controlled contacts C—T closed
by a cam secured to the shaft 166, the relay con-
tacts 183b now closed, normally closed relay
contacts 36lc to the positive line side 4. The
desired key 167 is shifted prior to a multiplying
operation so that early in the first rotation of
the shaft 166 contacts C—1 will be closed to
cause the energization of the magnet 156 effect-
ing a half step movement of the bar 140. After
a half step movement of the contact element 119
(Fig. 18b) the latter will still contact with the
plate 118 but later in the same cycle of rotation
of the shaft 166 other contacts C—8, as will be
described, will again cause the energization of
the magnet 156 but effect in this instance a units
movement of the bar {40. Magnet 156 has a wire
connection 181 to the cam controlled contacts

C—8 whichh are connected to the positive line

side 14. Contacts C—8 will be subsequently ef-
fective to move the bar 140 a unit after its first
movement of & half unit, and magnet 156 will
be energized by successive electrical impulses to
cause successive units movement of the bar 140.

The wire 116 is also connected to a magnet
184 of a relay, said magnet being connected to
the positive line side through cam controlled con-
tacts C—6. When the magnet 184 is energized
a series of contacts 184a will be closed to com-
plete circuit connections to be subsequently de-
scribed.

As the bar 140 is shifted so that the contact
element 161 (Fig. 1) successively makes electri-
cal contact with the correlated contact elements
160 one of a series of control magnets identified
in Fig. 1 by the general designation 186 is adapt-
ed to be selectively energized. The particular
magnet 186 which is energized is dependent upon
which index point of & particular multiplier col-
umn is perforated. When the first contact ele-
ment 160 is engaged by the contact element 161
the units column will be selected for control pur-
poses and since it is assumed that the “1” in-
dex point position is perforated, the magnet des-
ignated 1861 will be energized by the following
described circuit. This circuit leads from the
wire 176, which, as previously described is con-
nected to the negative line side 13, to a wire 1817
which is connected to one side of the magnet
1{869. From the other side of said magnet i86s
there is a wire connection 181 leading to one
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side of the magnet 1861 as well as to cne side -

of the other magnets 186z to 186s. From the
other side of the magnet (861 there is a wire con-
nection 1881 to the related contacts 184a which
it will be recalled are now closed due to the en-
ergization of the relay magnet 184, With the
relay contacts 184a closed the circuit will be
continued by a wire 1891 which leads as shown
in Figs. 1, 2, 4 to the metal bar designated 1271:
(Figs. 3 and 4) connecting all the brushes 11
correlated with the “1” index point position of
all the controlling card columns.
will be continued by the passage of the related
brush 17 through the perforation at the “1” in-
dex point position (since the first multiplier digit
is “1”) and to the metal track 88 correlated with
the units multiplier card column.

The circuit 1
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The circuit then extends by the plug connec-
tion effected by the plug 136 and socket 138 and
contact elements (60 and 161 (now closed) to
cam contacts C—9 by a wire connection 190 and
thence to the positive line side 14 through relay
contacts 183b and 36ic now closed. Cam con-
tacts C—8 close after contacts C—1 have been
closed to give the initial half step of movement
to bar 148 to engage contact elements 160—161.
Obviously, in view of similar wire connections
189:—189% from the series of contacts (84a to
the metal bars 127 if any other index point in-
cluding the “9” index point position has been
perforated the corresponding magnet 186 will
be energized. However, in each case since mag-
net 1869 is in series with the selected magnet
of the group 881 to 186s the control magnet
188y is always energized whether the “9” index
point position is perforated or not. The func-
tion of ‘the control magnets {86 will now be de~
scribed.

Referring particularly to Figs. 16, 29, 30 and
32, a pair of guide rods 192 are adapted to ke
supported by a pair of frame pleces, one of which
is shown in Fig. 30 and designated by numeral
193. Slidably mounted on these guide rods is a
frame consisting of two side plates §94 and 185
which are apertured to receive the rods §92 and
which are connected by an integral transverse
plate {95. The side plates 184 and 195 have in-
tegral bent portions 187 sdapied to carry o viate
198 provided with a plurality of bent over stop
lugs 198. By the normal cooperation of the stop
lug designated 183 (Fig. 30) with the movable
core 208y, of the aforementioned magnet (88,
it will be evident that the movement of the afore-
described frame by the action of a spring 2981
connected thereto will be prevented,

Tach of the magnets 188 is provided with g
movable core 208 and each core is adapted to be
moved downwardly against the action of & spring
208 when the related magnet is energized until
a stop shoulder 284 (see Fig. 32) thereof is en-
gaged with the top surface of g bent portion 205
of a stationary plate 228. When the magnet {865
is energized alone the related core 208y will be de-
pressed and the frame will be moved the maxi-
mum distance by the spring 281 until the side
rlate 194 coacts with an abutment 202 (Fig, 30)
of the frame piece 183, With the energization of
any magnet 186:—188s the plate 198 will be moved
to the right as viewed in Figs. 30 and 29 until s
stop shoulder {83 of the plate 189 strikes the side

_of the shifted core 208 but passes over g shoulder

298 of the core 288 of the magnet energized tohold
plate 188 in shifted position even though the mag-
net is later deenergized. From Fig. 30, it will be
evident that the various siop shoulders 188 to the
left of the cores 209 are st varying distances.
For example, the stop lug 199 at the extreme leit,
as shown in Fig. 30, will allow plate 199 to move
a distance of one unit until the lug 198 strikes
the core of the energized magnet 19%: and over its
shoulder 288. The second stop lug 189 from the
left will permit plate 198 to move o distance of
two units until the second stop lug 199 sirikes the
core of the magnet 1882 and over its shoulder 285
and so on for the remaining magnets §863—185a.
The stop for ithe plate 198 when magnet {88y is
energized has been previously described. As best
shown in Fig. 32 for one core 200, the cores are
provided with recesses 287 through which the stop
lugs 188 may freely pass through the cores 200 of
the unenergized magnets {86 when the movement
given to plate 188 exceeds one unit.

9

As best shown in Figs. 29 and 32, riveted to
the plate 196 is a series of brackets 208 each
adapted to carry the pivot pin 209 of a related
bell crank comprising an arm 210 and an arm 211,
Each arm 211 carries an insulated contact plate
212 and each bell crank is urged by a spring 213
to cause a finger 218 of the related arm 210 .to
contact with the periphery of a rotatable cylinder
214. As-shown in Fig. 32 the periphery of the
cylinder 214 is provided with a plurality of differ-
entially positioned apertures 215. Whenever an
apertured portion of the cylinder 2i4 in its ro-
tation receives the finger 218 of the arm 210 the
spring 213 will rock the associated bell crank
to close the contacts 217. The contact plates 216
are insulated from each other since they are car-
ried by a bar 219 of insulating material and which
is attached by any suitable means to the plate {96.
Hence, the series of contacts 27 and operating
fingers 218 may be moved transversely with re-
spect to the cylinder 214 and to positions de-
pending upon which magnet 186 is energized.

The differential positioning of the frame per-
mits the various fingers 218 to be alighed and en-
ter certain apertures 2i5 of the cylinder 2(4
during 1its rotation and such differential position-
ing is effected prior to the time that any of the
fingers 218 coact with the apertures 215 during
the rotation of cylinder 214.

As best shown In Fig. 29, the cylinder 244 is at-
tached to the shaft 110 and as stated the latter is
adapted to be given a complete rotation for each
multiplying operation involving a single multi-
plier digit. At the termination of each rotation
of the cylinder %18, a cam portion 220 (Figs. 29
and 30) attached to the gear {18 will coact with
e roller 221 of an arm 222 secured {0 a rock
shaft 283.

The rock shait 223 is provided with a depending
arm 224 which, as shown in Plg. 29, is connected
to the plate 196 by 2 link 225. By this means the
frame is returned to its normal position where

it is relatched by the coaction of the core 208

with the stop lug {88s (see Fig. 33), since in the
meantime the related magnet [88s together with
any other selected magnet {86 have been deener-
gized. The lugs (99 in the movement of the
plaie {98 to the right engages & bevelled edge 208a
of the core 208y depressing the latter until lug 199
is iree whereupon the core 280s will be raised by
its spring 283 and the core will be elevated with
the Iug {88 contacting with the side edge of the
core 2689 to hold the contact carrying frame in
nermal position.

As previously stated the cylinder 218 is provided

with a number of perforstions or apertures 215 so
dimensioned and located as to represent the units
and fens preducts of a multiplication table, the
section A (Flg. 1) representing the units of the
products and the section B representing the tens
of such products. The formation ef such a cylin-~
der and the location of the apertures 215 so as
to perform multiplying operations by the partials
product method is fully skown and described in

the Cerman patents to XKoller, #244,013 and

#242,020.

There will now be described the manner in
which multiplication is effected for the example
assumed, that is, the multiplication of -1234- by
4321, : '

The fixed contact elements (45 are provided

10

i5

20

25

30

a5

40

50

60

70

with wire connections 227 (Fig. 1) which lead to' & -

plurality of product sockets 228. . These sockets

are also shown in Fig. 17 and as shown in: this'
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ended cable 229 with wire connections adapted to

individually connect the sockets 228 with the

sockets 230.

Each of said sockets 230, as shown in Fig. 2, is
connected to a related accumulator control mag-
net 231 through related relay contacts 500a and
one side of each of said control magnets 231 of
an accumulator 250 (Fig. 24) is connected by a
common connection 232 which leads to the nega-
tive line side 13 as shown in Fig. 4.

After the bar (40 (Fig. 1) has been given a
movement equal to a half unit cam contfacts
C—38 are closed so as to complete the circuit (pre-
viously described) to the selected control magnet
{86: because the units multiplier digit is “1” and

‘cause the energization of the latter since cam

contacts C—6 are now closed to cause magnet
184 to be energized and close the contacts i84a
between the lines 188: and 189:. It will be under-
stood that the movement of plate 198 and the sets
of contacts 217 will be performed previous to the
time the cylinder 2{4 has been turned sufficiently
so that the fingers 218 could engage with certain
perforations 215 aligned therewith. Since the
plate 198 is given a longitudinal movement of a
unit under control of magnét 186: the selected
contacts 24T: to 2174 will be aligned with certain
perforations 215 of the cylinder 2i{4. Only the
contacts 2171 to 2174 will be effective for accumu-
lator entry control purposes in the example as-
sumed because the index points 1—4 are per-
forated to represent the multiplicand and by
reason of the following described circuit. From
the positive line side 14 there is, through closed
relay contacts 36ic, as previously stated, a wire
connection (Fig. 1) to contacts 183b which are
closed during the multiplying operation because
the selected key 167 is held depressed. From sald
contacts {83b there is a wire connection 235 to
one blade of each of the series of contacts 2IT:
to 21Ts. The other blade of each of said contacts
2171 to 217s ha. a related wire connection in a
cable 236 to the fixed blade of the relay con-
tacts 184b.

When the contacts C—=6 open, relay magnet
184 (Fig. 1) will be deenergized and contacts 184a
will, therefore, be opened thereby disconnecting
the magnets 1861 to 1869 from the corresponding
lines 189. Even through magnet 1861 is now de-
energized the position of the stop lug (99 over

‘the shoulder 206 (see Fig. 33) of the depressed

core 200 will retain the plate 198 in its shifted
position of one unit as previously described.

The apertures 215. are so located that during
the rotation of the cylinder 214 the contacts 211
aligned therewith will be closed when the related
fingers 218 project through the apertures 215 and
the engagement occurs at differential times during
the rotation of the cylinder 214. For example,
due to the lateral shift of the sets of contacts 2171
a distance of one unit during the rotation of the

_cylinder 214 the entry of the finger 218 of con-

tacts 2114 with an aperture 216+ (Fig. 1) will
cause contacts 2174 to be closed at the “4” point
in the accumulator operating cycle. By reason
of the fact that there will be a longer time delay
before the finger 218 of the contacts 2113 enters
the aperture 2153, the related contacts 2173 will
be closed later in the accumulator operating cycle,
and by reason of the location of the particular
aperture 2153 contacts 2173 will be closed at the
«3” point in the accumulator operating cycle.
Correspondingly, contacts 2172 and 2171 will be
closed at the “2” and the “1” point, respectively,
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in the accumulator operating cycle due to the
position of apertures 2151 and 2152,

Contacts 2{T1 to 21T« are only effective in the
multiplying operation because the card is per-
forated to represent digits 1 to 4 of the multi-
plicand at the thousands, hundreds, tens and
units order respectively to cause in the multiply-
ing operation for the first multiplier digit “1” the
energization of the accumulator control magnets
231 (Fig. 4) of corresponding denominational
orders. When a particular contact 247 is closed
the circuit connection will be extended from the
positive line side 14, normally closed relay con-
tacts 36ic, contacts (83b now closed, the closed
contact 2171 involved, to a particular digit repre-
senting line (88 through the wire in the cable 236
and related relay contacts {84b. Said lines, as
previously stated, are connected to the related
connecting bars 121 and thence by means of the
brushes 11 passing through the perforations at
index point positions 1 to 4 to the metal tracks
88. The circuit then extends by the plug cords
137 to the sockets 139, wires 141, contact elements
(44, 145, wires 221, sockets 228, plug cable 229 to
the sockets 230 (Fig. 2), relay contacts 500a,
accumulator control magnets 231, and wire 232 to

. the negative line side (see Fig. 4)°,

Contacts C—35 are closed to close the circuit of
the relay magnet 500 and its energization causes
the closure of relay contacts 500a during the time
the fingers 218 are correlated with the apertures
of sections A and B of cylinder 214. Contacts
C—-5 close after contacts C—8 have been opened
and which opening causes relay magnet 84 to be
deenergized and the resultant closure of relay
contacts 184b.

By reason of the transmission of the differen-
tially timed electrical impulses created by the
apertures 216 and the resultant energization of
accumulator control magnets 231 accumulator
wheels 238 (see Fig. 24) are adapted to be given
rotations of differential extents.

The construction of the accumulator 250
adapted to be employed in oconnection with the
present invention is well known in the art and is
fully shown and described in the patent to C. D.
Lake, #1,307,740 dated June 24, 1919, and for
this reason will only be generally explained.

The driving shaft for the accumulator is desig-
nated by numeral 239 and as shown in Fig. 6
has attached thereto the driving gear 162.. The
ratio of the gearing to shaft 239 and to the shaft
{10 (Fig. 16) from the gear 23 is so selected that
for each revolution of the shaft 110, correspond-
ing to a full rotation of the partials product rep-
resenting cylinder 214, there will be two rotations
of the accumulator drive shaft 23% or two ac-
cumulator operating cycles for one revolution of
the cylinder 214. :

Reverting now to the description of the ac-
cumulator 250 a gear 240 (Fig. 24) secured to the
shaft 289 is adapted to drive by means of an
intermeshing gear 241 a shaft 242. Mounted
upon said shaft are a plurality of electromag-
netically controlled clutch devices designated
generally by the reference numeral 243 (Fig. 24).
One of said clutch elements of each clutch device
is fast to the shaft 242 and the other is loosely
mounted upon said shaft but is secured to a
gear 244 adapted to drive a gear 245 secured to
the related accumulator wheel 238. :

When a particular accumulator control mag-
net 231 is energized -at a differential time an
armature 248 thereof will be attracted so as to
release a spring-pressed clutch control lever 241
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for movement thereby engaging the clutch device
243 and causing the rotation of the accumulator
wheel 238 at a differential time and up to & fixed
time.

In view of the fact that the ciutch connection
continues despite the deenergization of the con-
trol magnet 23{ until a fixed point in the cycle
of operation is reached it is only necessary to
form the apertures 215 as shown in Fig. 1 so as to

cause the transmission of short electrical im--

pulses &t the proper points in the cycle. In view
of the continuity of the clutch engagement the
accumulator wheel 238 will be rotated without
interruption. irrespective of the fact that the
finger 218 will subsequently engage with the
periphery of the cylinder 214 and thus cause the
opening of related contacts 211.

At g fized point at the end of each operating
cycle the clutch control lever 241 is shifted to dis-
engage the clutch device by means ".ore fully
shown and described in the aforementioned pat-
ent to C. D, Lake, 1,307,740.

Summarizing, therefore, it will be noted that
since the units of the multiplicand is perforated
tc represent “4” and since the units muitiplier
digit represents “1,” contact 207: will be closed
by the pverforation 218s at the “4” point in the
cycle thereby causing the units order accumu-
lator wheel o be rotated an extent of four units
causing the wheel 858 to exhibit “4.” Corre-
spondingly, contacts 2{73 being closed one point
later in the c¢ycle will cause the tens order ac-
cumulator wheel 238 $o be tuwrned three steps so
as to exhiblt “3.” Also, since the multipiicand is
periorated at the “2” and “1” index point posi-
tions in the hundreds and thousands order re-

- speciively, contacts 219z and 2171 will be closed

50
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by related perforations 215 and 2181 so as to
cause the sccummlator wheels of corresponding
denominational orders $o be rotated so as ioc ex-
hlbit et the end of multiplication operation for the
units partials product, “2” and “1.” The sc-
riimylator wheels 239 will now exhibit -1224-.

After the aperfured section A of the periials
product representing cylinder 214 is gui of co-
operation with the flngers 248 contacts C—38
will be closed so as to cause & second energiza-
tion of the magnet 150 thereby efeciing & move-
ment of the bar 148 equivalent to 2 single umit.
This will effect & change in denominationsal re-
lationship between the accumulator conirol mag-
nets 231 and the multiplicand entering brushes
97 for the subsequent entry of the “tens” partials
product. In view of the fact that in the example
assumed muitiplication of the multiplicand -1234-
by the multiplier digit “1” does not produce any
“tens” partials product, there will ke, in the ex-
ample assumed, no accumillaior entry durlng
the second sccumulator operating cycle for the
frst multiplier diglt.

After the sectlon B (Flg. 1) of the nariials
oroduct representing cylinder 214 is out of co-
operation with the fingers 219 the latier will now
ibe aligned with an elongated slot 243 (Fig. 29)
s that the cam 220 may ghift the frame carry-
ing the contacts 217 back io normsel and re-
latched position preperatory for the next posi-
tion of the frame controlled by the second mul-
tiplier digit. It should be noted thet even though
the sels of contacts 217 close cam controlied
contacts C—8 are now closed energizing relay
magnet {8 opening relay contacts 184b discon-
necting the series of contacts 2§7 from the lines
§89 to prevent false circuits.

In the example assumed, the second multiplier

digit consists of the digit “2” since the “2” index
point position of the tens multiplier card column
is perforated. In this multiplying operation,
magnet {862 will be energized permitting a move-
ment. of the frame 198 carrying the series of 5
contacts 217 to a distance equivalent to two units.
Contacts 2171 to 2174 are still effective for mul-
tiplylng purposes as previously explained since
the multiplicand number has not been changed.
Contacts 2171 to 211: will now be aligned with 19
other apertures 215 and they are so positioned
as to cause an entry in the proper accumulating
orders corresponding to the product of each mul-
tiplicand digit -1234- and the multiplier digit
“2” In view of the previous denominational 15
chift the product of 4X2, or 8, will be entered in
the tens order, resulting in the addition of “8”
to the previous entry “3.” Also the tens multi-
piicand digit “3” will be multiplied by 2 and the

product, or “6,” entered in the hundreds order. 20

The multiplicand digit “2” will be multiplied by
the multiplier digit 2 and entered in the thou-
sands order. Correspondingly, the multiplier
digit 1 will be multiplied by the multiplicand

digit 2 and entered in the tens of thousands or- 25

der of the accumulator. With the previous read-
ing of -1234- in the accumulator and the addi-
tlon of the next units product, the summation
will be as shown below:

; 30
060000001234 Previous reading
0600002468 Mfultiplication for second
s (16
20000025814 (No transfer). :
00000025914 - (After the transfer) 2%

In view of the fact that there is & transfer op-

eration in the hundreds order of the sccumula-

tor, being initiated by the addition of “3” and
“8,” g unit will be transferred to the hundreds
order of the accumulator prior {o the shift of
bar 140 and before entering the “tens” partials
product. The transfer mechanism employed in
connection with the form of accumulator shown
In Fig. 2¢ 1s well known in the art and is fully
shown and described in the aforementioned pat-
ent to Hollerith No. 974,272 and Patent No. 1,-
976,617, to C. D. Lake et al. The transier mech-
anism is adapted $o carry a unit {0 the succeed-
ing denominational order whether the entering: 50
of the digit to effect the transfer comes from the
entering of the units partials product or the fens
partials product. .

After the apertured section A of the partials
product representing cylinder 21§ is out of co- zg
operation with the fingers 218 contacts C—8 will
be closed o cause ancther energization of the
magnet (86 thereby efecting a movement of the

40

45

“oar 188 equivalent to a single unis.

In multlpileation by the second multiplier digit gg
“2,” section B will be effective with respect to the
contacts 217 during the second accumulaior op-
erating cycle. But In this particular multipli-
cation by the digli “2” there will be no “tens”
of partials product to be entered and the accumu- gg
iator will continue o exhibit the sub-product
-25814-,

It will be recalled that the bar 139 has been
given a denominational shift after section A for

B

the second multiplier digit has been efective so 7p .

as to cause the succeeding multiplylng digit “3”
of the hundreds order to be effective for control
purposes and aiso to change the denominational
relationship between brushes 77 and the accumu-
lator confrol magnets 231. However, after the 75
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addition of the units product -3692- and express-
ing the computation as:

00000025914
000003692

00000395114

there will be the entry the tens partials product

10 (after a denomination shift) since the multiplier
digit consists of “3” and it is to be multiplied
by the units multiplicand digit “4” giving a prod-
uct “12.” The tens partials product or the digit
«1” will be entered during the second accumu-

15 lator cycle in the manner which will now be
explained.

During the multiplying operation by the digit
«g» it will be noted that contacts 21T+ will be
positioned a distance of three steps to the right

90 88 viewed in Fig. 1. During the time that the
section B of cylinder 214 is effective the finger
218 of contacts 217« will enter an aperture 2158
to thereby cause the closure of contacts 2174,
This will cause an electrical impulse to be trans-
mitted to the thousands order accumulator con-
trol magnet 231 thereby causing the entry of a
unit in this order.

At this time it is explained that the transfer
operations effected after the entry of the units
or tens product are not entered in the same ac-
cumulator cycle for the multiplier digit but they
are timed to occur during the beginning of the
next accumulator cycle whether it is for multi-
plying or any other purpose. : ’ :

'35 The Patent No. 1,976,617 shows in Fig. 6 the
cam (10T) adapted to cause the operation of bail
273 (Fig. 24) to effect carry operations. In the
present machine this cam Is secured to shaft 239
but with such a timing relationship with respect

40 to gear 23 (Fig. 6) that transfer operations for
each accumulating cycle will occur at the begin-
ning of the next cycle or at the beginning of the
rotation of gear 23. This operation of bail 213
occurs with sufficient rapidity and so early in the

5 next cycle that it will permit other operations,

such as resetting of the accumulator, punching,
etc., to be all properly performed despite this
change in timing in the present machine.
. The accumulator 250 will now indicate the in-
50 complete  product -00000396114-. Thereafter a
subsequent multiplying operation is effected pre-
cisely in the manner explained during which
time the multiplicand -1234- is multiplied by
the multiplier digit “4.” At the end of this mul-
55 tiplying operation, the wheels of the accumulator
250 will exhibit the final result or -00005332114-.
1t should be observed that it frequently hap-
pens that one of the multiplying digits consti-
tutes a zero and in the present embodiment the
60 machine will go through an operating cycle but
the only effective work that will be done upon the
occurrence of a zero is the denominational shift
of the bar (40. Obviously, there will be no entry
in the accumulator 250,

65 After the multiplication operation for the last

multiplier digit the machine will go through

successive cycles of operation moving the bar
140 step-by-step until the movable contact ele-
ment 161 makes electrical contact with the con-
70 tact element (60 at the extreme left. At the
beginning of the next cycle of machine opera-
tion, when cam contacts C—9 close, a circuit is
made extending from the positive line side (4,
relay contacts 36ic now closed, relay contacts
75 183b now closed, contacts C—9, wire- 190, contact

2,224,774

element 16!, the contact element 160 just re-
ferred to and the wire connection (59 to the
related plug socket 266, and by a wire 252 Jead-
ing to a magnet 253 of a relay. The other side
of said magnet is connected by a wire 254 (FFig.
3) to the negative line side 13. Magnet 253 will
be energized during the ninth cycle of machine
operation whether the multiplier is represented
by a number comprising eight denominational
orders or not.

In order to.eliminate idle cycles and to cause
the energization .of the magnet 253 in a cycle
immediately following that in which the multi-
plying operation is completed a double ended
plug cord 266 is connected between a socket 256
electrically connected to the wire 262 and to the
plug socket 188 corresponding to the denomina-
tional order which is one higher than the highest
order of the multiplier. However, in view of the
fact that the bar 140 i{s given a units step of
movement preparatory to the multiplying opera-
tion for the succeeding multiplier digit the relay
magnet 253 will be energized one cycle after the
last cycle of multiplying operation.

The plug socket 256 and the plug cord con-
nection 255 for the example assumed is also
shown in Fig. 17 and this plugging connection
is also made prior to machine operations.

Referring to Fig. 1 wheén the magnet 253 is
energized it will cause the closure of relay con-
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tacts 253a and at the beginning of the cycle in -

which cam contacts C—8 close cam contacts
C—3 are also closed thereby providing a stick
circuit for the relay magnet 253 through relay
contacts 253a, cam contacts C—3, and a wire
connection 257 connected to the positive line side
14. Relay magnet 253 is adapted to effect the
closure of relay contacts 253b thereby extending
a circuit from the negative line side 13 through
relay contacts 253b and a magnet 258, the other
side of said magnet being connected by a wire
259 to the positive line side 14. The magnet 258,
as shown diagrammatically in Fig. 1 and also in
Fig. 18, is adapted to rock the retrograde pre-
venting pawl 154 clockwise thereby releasing the
bar (40 for movement to normal position by the
action of the return spring 1587.

A magnet 269, referring to Fig. 1, is in par-
allel circuit connection with the mnagnet 258 and
is energized by the aforedescribed electrical cir-
cuit. The magnet 260 is shown in Fig. 21 and is
adapted to attract its armature 261 to thereby
reciprocate a pawl 262 which latter is adapted
to engage a ratchet wheel 263 secured to the
selector arm (713, Arm (13 is thereby shifted
so that it will contact with a contact element (743
and this position will be held by means of a
retrograde preventing pawl 264 engaging the
teeth of the ratchet wheel 263.

Referring now particularly to Fig. 4, it will be
seen that with the electrical contact of the se-
lector arm 113 and the switch point 1742 a circult
will be extended from the negative line side 13
through contacts 384 now closed to a wire 265.
In Figs. 4 and 17 reference numeral 266 desig-
nates a series of three cross-calculation control
keys similar in construction to the aforemen-
tioned keys 1671 (ses Fig. 26). The key cap of
each of these three keys is provided with a sym-
bol =+ indicating that such keys control cross-
calculating operations and alongside sald symbol
a digit is provided indicating which key is to be
depressed when the cross-calculation is effected

1ﬁrst, second or third in order.
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Cross-calculation mec_'hanism

In the example assumed the second calculat-
ing operation to be performed comprises cross-
calculation so that the key 266 designated =+ 2
will be depressed to close related contacts 2672
thereby extending the circuit from the wire 265
through said contacts to a wire 268 connected to
one side of an operating magnet 269. The other
side of said magnet Is connected by a wire 270
to the positive line side through cam controlled
contacts C—10,

Magnet 269 is shown in Fig. 34 and when ener-
gized is adapted through a pawl and ratchet
device similar to that described in connection
with the denominational shift device of the mul-
tiplying apparatus shown in Fig. 18 to cause an

initial movement of a bar 21/ equivalent to a .

half unit. Thereupon the successive energiza-
tions of the magnet 269 will move the bar 271
in equally spaced units. The bar 271 is adapted
to carry a plate 272 provided with contact ele~-
ments to be subsequently desecribed.

The cross calculation unit is adapted to con-
trol the entry of a plurality of amounts repre-
sented on the same tabulating card that repre-
sents other amounts to be calculated and to con-
trol the entry either additively or subtractively
depending upon a preselection.

By way of example, it will be assumed that the
cross calculation unit will control the entry of
three amounts, the first comprising a number
-0234- which is entered additively, the second
amount comprising the number -0222- which is
also entered additively and the third amount,
comprising the number -0321-, which will be
entered subtractively. The first amount is rep-
resented by perforations in columns 9 to 12, the
second amount in columns 13 to 16, and the third
amount in columns 17 to 20, as shown diagram-
matically in Fig. 4 and also by the card shown
in Fig. 25,

Obviously, the other card columns may be per-
forated to represent other or the same amounts

so as to control their entry by the cross calcu- -

lation unit in the accumulator 256.

Referring to Figs. 2 and 34, the bar 27! is pro-
vided with a series of eight amount controlling
contact elements 274 adapted to be correlated
successively with each series of eight series of
contact elements 276: to 275:s and the fingers 274
are adapted to be operatively connected with the
first series of contact elements 275: when the bar
271 is given its half step of movement. By con-
nections now to be described this will control the
entry of the amount represented in columns 9 to
12 in the accumulator 258.

The contact fingers 274 have individual wire
connections 276 (Fig. 2) to a series of plug sock-
ets 217 and said plug sockets are also shown in
Fig. 17. From the plug sockets 2717 there is a
plug connection comprising individual wire con-
nections which may be in a cable 218 to a series
of sockets 279 (Figs. 2 and 17) of ‘accumulator
250,

- The eight series of contact elements 213: to
27%s are connected by wires 28¢ (Figs. 2, 3 and
4) fo eight series of plug sockets 280 (see Fig.
17). The particular series of contact elements

'215; have, for example, individua! wire connec-

tions 281 to a series of plug sockets 2801 (Fig. 1'D)
four of which are received by the plug cords 282
(Fig. 2) electrically connected to the metal tracks
88 (Fig. 4) pertaining to columns 9 to 12. Sim-
ilar plug connections are made as siiown in Figs,

13

2 and 4 between the metal tracks of card columns
13—I18, and 17—20 and the sets of sockets 280
connected to the sets of contact elements 275:
and 21783, respectively.

By the above described electrical wiring and
plug cord connections, the analyzing brushes 11
passing through perforations of columns 8 to 12
will be electrically connected by individual elec-

trical circuits with the accumulator control mag-

nets 23f which are all connected to the negative
line side 13 through the previously described
common wire connection 232. The accumulator
control magnets 231 are connected to the wires
in the cable 218 by the relay contacts 500a.
These are closed because the multiplication con-
trol relay 183 is now deenergized and its relay
contacts 183d -are closed to cause the circuit of
the relay magnet 500 to be closed. The means

‘for electrically connecting the positive line side

14 to the accumulator magnets 231 at differential
times dependent upon the index point perforated
will now be explained.

Referring to Fig. 2, it will be seen that the
shaft (10 carries an arm and said arm is pro-
vided with a brush 284 adapted to continuously
make electrical contact with a ring 283. The
arm also carries a brush 286 which is adapted to
make electrical contact with each of a series of
stationary contact elements 28%¢ during one-
half of the rotation of shaft ({8 and also make
electrical contact with each of a second series
of stationary contact elements 285b during the
second half of the rotation of shaft 1t8. The
above described contact making devices comprise
an additive control section 303 of an emitter
304 (Fig. 17). The duplicate arrangement is
provided for proper accumulator control opera-
tions since it will be recalled that the shaft i@
makes one revolution for two accumulator cycles
so that either the contact elements 285a or the
contact elements 285b will control the transmis-
sion of electrical impulses in an accumulator cy-
cle to the accumulator control 1Dignets 23{ by
their connection to the positive line side §4. .

The related contact elements of the stationary
contact elements 285z and 285b are connected

by individual wire connections 287 and the con-

tact elements 285¢ have individual wire connec-
tions 288 to the nine digit representing lines EE
to 1895, The contact ring 283 has a wire con-
nection 289 to one blade of contacts 298a, the
other blade being connected by a wire 29! to the
positive line side 14 through the previously de-
scribed contacts (83¢ (Fig. 1) which are closed
during the cross calculation operation since mag-
net 183 is normally deenergized and the normally
closed relay contacts 36ic. The electrical cir-
cuits for the accumulator control magnets will
be connected to the positive line side as the brush
286 successively contacts the said contact ele-
ments 285a or the said contact elements 285b.

Since the shaft (10 is driven synchronously
with respect to the accumulator drive shaft 23%
(Fig. 24) electrical impulses will be transmitted
to the control magnets 231 at differential times
and similar in timing to entry operations during
multiplication. For example, in the entry of the
amount -0234- when the brush 286 contacts with
the contact element designated 285a4, the circuit
for the units accumulator control magnet 23§ will
be extended from the brush 77 at the “4” index
point to the positive line side through the related
connecting bar {27, the connected digit line {884,
the wire connection 288 leading to the contact
element 285a4, brush 286, brush 284, contact ring
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283, wire connection 289, contacts 290. now
closed, wire 291, contacts §83a now closed and
normally closed relay contacts 36lc to the posi-
tive line side 14.

For the entry of the amount in the tens and
hundreds order the additive control section 303
of the emitter will cause the correlated accumu-
lator control magnets 231 to be energized at later
points in the accumulator operating cycle.

In the multiplying operation previously de-
scribed the product which was entered in the ac-
cumulator comprise the number of -00005332114-.
To this is added in the same accumulator the
first amount of the cross calculation operation, or
-0234-, now giving a result of -00005332348-,

After the first accumulator operating cycle
cam controlled contacts C—I190 (Fig. 2) will now
be closed thereby effecting a circuit connection
from the positive line side (4 through said cam
contacts C—I10 and by a wire 270 to the afore-
mentioned magnet 269, wire 268, contacts 267z,

wire 265, contact 1742, switch arm 113, contacts

384 to the negative line side 13, which upon its
energization will cause a full step of movement
of the plate 271.

Contact elements 274 will now be correlated
with the second set of contact elements 2752 and
by suitable plug connections, similar to that pre-
viously described, the additive section 303 of the
emitter will cause electrical impulses to be trans-
mitted to the accumulator magnets 231 at dif-
ferential times so as to effect the entry of the
next additive amount, or -0222-, and after the
transfer operations have been effected, which as

3- previously stated will be effected at the beginning

of the third accumulator cycle, the accumulator
will exhibit the amount -00005332570-.

The third amount to be entered or the num-
ber -0321- is entered subtractively. Similar plug
wire connections are made but an additional plug
connection is also made when an amount is to
be entered subtractively. The plate 271 carries a
subtracting control contact element 292 (see Figs.
2 and 34) adapted to make electrical contact with

-one of a series of contact elements 293. Each

of the contact elements 293 has a wire connec-
tion to a related plug socket 294.  The series of
plug sockets 294 are shown in Fig. 17 and adja-
cent said sockets is a series of plug sockets 295
(Fig. 2) which are electrically connected to a wire
296 (Fig. 2) which wire is connected to one side
of a relay magnet 290. The other side of the
relay magnet 290 is connected to the positive line
side through normally closed relay contacts 298c.

In order to cause an amount to be entered sub-
tractively for the third amount a plug connection
designated by numeral 300 in Figs. 2 and 17 is
made. Similar plug connections for other nega-
tive amounts would be made and the related
sockets 294 and 295 would be cross connected in
the same row that the negative amount is plugged
to sockets 280.

When the plate 271 is given its third step and
when the contdct elements 274 engage with the
series of contact elements 2753, the contact ele-
ment 292 will make electrical contact with the
contact element 2933 thereby extending the cir-
cuit from the negative line side 13 (Fig. 4)
through contacts 384, switch arm 173, contact
point 1742, contacts 266, wire 268 to contact ele-
ment 292, contact element 2933, to the plug con-
nection 300, to the relay magnet 290 thereby
causing its energization. Wbhen the magnet 290
is energized contacts 290a are opened and con-

" line 1890 to the contact point 309.

.the proper tens complement.

2,224,774

tacts 290b are closed thereby connecting the posi-
tive line side to a wire 298 through normally
closed relay contacts 183a and 36lc.

Referring particularly to Fig. 2, it will be seen
that a subtractive section 304 of the emitter Is
provided and differs from the additive section
303 in the respects now to be noted.

Each amount to be subtracted is entered in

. the accumulator 250 by the entry of the tens

complement so that in order to subtract the
third amount, or -0321- the tens complement, or
-9679- is entered. Ordinarily to cause the dis-
appearance of the “1” in the accumulator result
at the extreme left in the entry of the tens com-
plement each order at the left of the significant
figure of the highest order is also complemented
to “9,” as is well understood, and in the present
arrangement such orders may be punched to
represent “0” to cause a “9” entry.

The wire 299 (Fig. 2) is connected to a ring
305 which is engaged by a brush 306 carried
by an arm 807 also secured to shaft 110. The
brush 306 is electrically connected to a brush 308
carried by arm 307 and brush 308 is adapted dur-
ing one-half of the revolution of shaft {10 to
engage with a series of ten contact points. 309
and in the other half of the revolution of shaft
110 with another series of ten contact points 310.
The related contact points of a set are Intercon-
nected by wires 311 and the digit representing
lines 189:—189s are connected to the set of con-
tact points 309 in a manner now to be described.

The digit lines 89s to 1890 are connected to
the related set of contact points 309 by com-
plementarily arranged connecting wires thereby
causing for orders above the units order the
transmission of electrical impulses to the related
accumulator magnets at differential times but
complementary (of nine) with respect to the in-
dex point perforated.

For example, the hundreds order of the num-
ber to be subtracted comprises the digit “3”
and the digit line 1893 is effective but this line
is connected to contact point 309s whereby the
circuit will be made to the correlated accumula-
tor control magnet 231 at a time in the cycle
for the entry of six or the nines complement
of “3.”

For the units order, the tens complement must
be entered in all cases. To secure the entry of
the tens complement for this order a different
form of brush unit is utilized. The ten brushes
11 as shown in Fig. 36 engage the correlated index
point positions as for other units but the pins
124 for the brush positions I—9 are so disposed
as to be connected to the metallic bars (27 cor-
responding to a digit one unit lower.

In the example assumed the units digit is “1”
and the related brush T1: is connected to metal-
lic bar 127o (see Fig. 4) and there is also as shown
in Fig. 2 a connection of the corresponding digit
The latter
i{s so positioned that the units accumulator mag-
net will be energized at a point in the accumula-
tor cycle to cause the entry of “9” or the tens com-
plement of the units digit “1.” )

However, in case that the units digit is “0”
the units accumulator wheel must be turned a
full revolution to effect a transfer of a unit to the
wheel of the second denominational order to give
If the number was
-0320- the second digit, or “2” (since it can only
control the entry of “7” or the nines complement
by the present arrangement), must ke increased

40

45

50

63

60

63



(43

10

15

30

- 2.

49

60

70

2,224,774

by “1” to give the tens complement or “8” of the
digit “2.”! This is effected by causing the units
wheel to be turned ten steps to effect the trans-
fer of a unit to the tens denominational order.

Referring to Figs. 4 and 36 the brush T1o has
a special connection 312 to & special metallic con-
ductor bar 12T10. The latter has connected there-
to a digit line 18910 which is electrically connect-
ed to the contact element 30910 (Fig. 2), s0 pos-
tioned as to cause the units accumulator magnet
to be energized at a point in the accumulator
cycle sufficiently early to effect a complete revo-
lution of the units accumulator wheel. If zeros
in orders above the units follow the units order
these orders will each control the entry of “9”
but the transfer will carry across to be finally
entered in the order pertaining to the first sig-
nificant figure thus giving the tens complement
of the first significant figure.

Obviously for the remaining denominational
orders not punched it is necessary to enter nines
in the correlated orders of the accumulator,

To this end the digit line 189, (Fig. 2) has a

‘wire connection 323 through closed contacts 482,

483 and relay contacts 298a to a series of plug
sockets 324 (see Fig. 17) and four of the sockets
2803 pertaining to those orders in which a “9”
is to be entered automatically and not represent-
ed by a punching on a card have plug connec-
tions 325a to & series of four sockets 324 (see Fig.
Three of the sockets 324, as shown in Figs.
2 and 17 are connected by plug wires 325 to the
related accumulator control sockets 279. These
plug connections will vary, of course, for each
card, and will be made in accordance with the
number of orders utilized to represent significant

fieures of the number to be subtracted. Such.

“9” entries are also made only when the negative
section 304 of the emitter is utilized.
With the previous. result or

00005332570

the tens complement
of 0321~ ____. 99999999679 will be added
to give a- final result ‘
Of e 00005332249

This is the result of the solution of an equation,
1234432140234 402220321 and is shown in the
accumulator 258. ‘

The cross calculation unit is also provided with
a cycle limiting device operating in a manner
substantially the same as that described in con-
nection with the multiplying mechanism.

Referring to Figs. 2 and 34 the plate 274 also
carries a contact element 313 which is electrically
connected to the positive line side through cam
controlled contacts C—ii which are closed near
the end of a machine cycie. Correlated . with
the contact element 313 is a series of contact ele-
ments 314 and they are so positioned that the
contact element 313 will contact with one of said
contact elements 3ié so as to cause the elimina-
tion of idle operating cycles after an even num-

ber of accumulator operating cycles have been
completed. The reason for this is that all oper--

ations that follow cross calculation operations
must be Initiated after the completion of & full
rotation of the main driving gear 23 (see Fig. 6).
The rotation of gear 23 is completed, obviously,
only after two accumulator cycles have been com-

“pleted.

In the present case, it is assumed that three
accumulator operating cycles are involved in the
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example assumed and after the termination of
the third accumulator operating cycle the mag-
net 269 (Pig. 2) will be energized to cause a step
of movement of the plate 271 whereupon the con-
tact element 313 will be engaged with the con-
tact element designated 8/44 in Fig. 2. Each of
said contact elements 314 have electrical con-
nections to correlated sockets 315 (see also Fig.
1 and a plug connection 311 is adapted to be
made between the plug socket 315 correlated with
the contact element 314+ which is to control the
cycle limiting device and to a socket 316. This
plug connection 317, for the example assumed, is
shown in Fig. 17. The plug socket 316 has a wire
connection 318 to the wire 252 which leads as
shown in Fig. 1 to the previously described relay
magnet 253. The latter will be energized to
cause the energization of relay magnet 253 and
the closure of relay contacts 253b by the closure
of contacts C—I1 1 (Fig. 2) which is in the latter
part of a machine cycle of operation.

Referring to Fig. 1 in shunt connection with
the magnets 258 and 260 which are energized
when contacts 253b are closed is a magnet 38
and said magnet, as shown in Fig. 34, is adapted
to rock a retrograde preventing pawl 320 thereby
releasing the plate 271 for movement to a nor-
mal position by the action of a return spring 321.

With the energization of the magnet 318, the
magnet 260, referring to Figs. 2 and 21, will again
be energized thereby causing the switch arm (78
to make electrical contact with the contact ele-
ment (743 (Fig. 4) thereby connecting the nega-
tive line side through contacts 384 and the switch
mechanism just described to a line wire 822

Tig. &),

Transfer of & total

With the final result in accumulstor 250 it is
desirable to punch this amount on the tabulating
card controlling the calculations. Before this
can be done, however, it is necessary to transfer
the amount from the accumulator 258, if it is
selected to receive entries, to an accumulator 251

(Fig. 17) since only the latter controls the punch--.

ing mechanism. As will be pointed out later, ac-

-cumulator 261 can also receive entries which are

the results of calculating operations in which case
a transfer of a total Is not necessary.
Referring to Figs. 4 and 17 reference numeral

327 designates two keys, the key caps of which

have the symbols NB—{ and NB--2 and are uti-
lized when a subtraction operations enters into
a calculation to give rise to a possible negative
result in accumulator 250 and whenever a trans-
fer from accumulator 250 to 251 is effected. The
key NB—£ is utilized when total transfer opera-
tions are to take place after a calculation of one
type has been performed and the key NB—2 will
be operated in carrying out the illustrative oper-
ation since two types of calculating operations
are invoived.

As best shown in PFig. 26, the key designated
NB-—2 is adapted when depressed to close con-

tacts 328 and also close other contacts 328 (Fig. -

4) similar to contacts 328 in Pig. 26 and since the
selected key 327 is depressed and locked in de-
pressed position prior to an operation of the
machine it wili be seen that normally there is a
circuit connection from the negative line side (3
through contacts 328 (Fig. 4) and by a wire 253

to a magnet 33f (Fig. 2) of a relay, the circuit
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thence leading to normally closed relay contacts

2585 to the positive line side (4.
Referring to Fig. 1, it will be recalled that when
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the multiplication control relay magnet 183 is
energized to open contacts 183d the relay magnet
500 is energized under control of cam controlled
contacts C—8. However, In view of the normal
energization of relay magnet 331 the relay mag-
net 504 in parallel with relay magnet 500 is not
energized in cross calculation and multiplication
by the closure of contacts C—5 since relay con-
tacts 331a are opened by the energization of relay
magnet 3381. The normal opening of relay con-

_tacts 50la (Fig. 4) disconnects one side of the

accumulator magnets 332 of the accumulator 284

" from the positive line side |4 through possible
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plug connections and wiring during the accumu-
lator operating cycles for cross calculation and
multiplication. This will prevent the transmis-
sion of possible electrical impulses to improperly
operate accumulator 281.

It will be remembered that at the latter part
of the machine cycle (after cross calculation has
been effected) at which time the cam controlled
contacts C—I1 are closed (Fig. 2), the cycle limit
relay magnet 288 (Fig. 1) will be energized

through the aforedescribed cycle limiting elec-.

trical circuit to cause the energization of the
magnet 260 (Fig. 1) and the shifting of the switch
arm |13 (Fig. 4) to engage with the contact
point 174s. : .

Thereupon a circuit will be made. leading
from the negative line side i3 comprising, wire
172, contacts 384, switch arm 113, contact point
{143, the key controlled contacts 328 (now
closed), a wire 3338 to the magnet 298 (Fig. 2)
of a relay, the other side of the magnet being
connected to the positive line side 14. This will
cause the energization of relay magnet 298 and
the opening of contacts 298b (Fig. 2) which
when opened cause the deenergization of the re-
lay magnet 331{. With the deenergization of the

40 relay magnet 331, referring to Fig. 1, it will be

43 332 of accumulator 251 to a series of plug sockets
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seen that relay contacts 331a are closed thereby
causing the energization of the relay magnet 501
and the closure of relay contacts 60la (Fig. 4)
connecting one side of the accumulator magnets

343 during the total transfer operating cycle.

Referring now to Fig. 24, and giving an ex-

planation of a construction utilized for each
order of the accumulators 250 and 25{ by con-
sidering part of the construction of the units
order of accumulator 250, it will be seen that the
gear 244 is in mesh with a gear 334 with which
is rotatable an arm 335 carrying a brush contact
element 336. The brush 336 is adapted to be
differentially positioned so as to contact with a
certain contact element of a series of ten con-
tact elements 337. For example, if there is no
entry in one order of the accumulator, the re-
lated brush 336 will contact with the contact
element 3370. If a “2” has been entered in the
same order the brush 336 will contact with a
contact element 3372, etc. In order to take an
electrical connection from the brush 336 the arm
335 carries another brush 338 which is in con-
tinuous contact with a segmental track 339.
The above described accumulator read-out de-
vice is well known in the art and is shown and
described in detail in the patent to G. F. Daly,
#1,921,454, dated August 8, 1933, and for this
reason it is only generally described. 'The above
described construction is also shown diagram-
matically in Fig. 2 wherein it will be seen that
all of the contact elements 337 of the same digit
are connected together by an elecirical connec-
tion 340, From the straps 340 there are ten

2,234,774

electrical wire connections 341 to the related

digit representing lines 188e to 188).

Each of the movable contact elements 336
through the brush 338 and segment 339 (Fig.
24), has a wire connection to a plug socket 342
but the contact element of the units order, des-
ignated 336v in Fig. 2, is connected to its related
socket 342 through its brush 338, segment 339
and normally closed relay contacts 290c. The
series of sockets 342 is adapted to be plug con-
nected to a series of sockets 343 of the accumu-
lator 25f (Fig. 4) by means of wires in a cable
344 (see Fig. 17). Since the sockets 343 are
connected to the accumulator control magnets
332 of accumulator 261 (see Fig. 4) through the
relay contacts 80ia it will be evident that during
the accumulator transfer cycle as the brush 286
(Fig. 2) sweeps over the series of contact ele-
ments 285a or 288b electrical impulses will be
transmitted to the accumulator control magnets
332 of accumulator 281 at differential times de-
pending upon the position of each contact ele-
ment 338 of accumulator 250 (Fig. 24) of each
denominational order. It is also pointed out
that since the result in the accumulator 250 is a
positive result in the example assumed the addi-
tive section 303 of the emitter will be operative
since relay contacts 280a (Fig. 2) are normally
closed and also contacts 280c are closed.

Therefore, the accumulator 251 will be oper-
ated In a manner previously explained to enter
an amount in each denominational order com-
mensurate with the value of the amount orig-
inally represented In the corresponding order of
the accumulator 250.

If the result in accumulator 250 was negative
this result would be indicated by one or more
“9’s” in the highest denominational orders and
particularly in the highest denominational order
in which the brush 3361 of the tens of billions
order contacts with the related contact element
38Ty (Fig. 2) thus establishing a circuit de-
scribed as follows: The positive line side {4, wire
418, contact element 33Ty, brush 336rs, wire 417,
relay contacts 2884 now closed, relay magnet
290, wire 296, relay contacts 288e (Fig. 4) now
closed to the negative line side, thus causing re-
lay magnet 290 (Fig. 2) to be energized and the
opening of relay contacts 290a and 290c and the
closure of relay contacts 290d and 290b, the
latter thereby selecting the negative section 304

" of the emitter.

For the units order the brush 336u has se-
cured thereto a supplemental brush 336UN but
displaced one unit with respect to the brush
336u and correlated with a series of contact ele-
ments 337 arranged as described. Obviously, if
“0” is represented as the units digit the brush
336UN will contact with the contact element
33710. The latter has a wire connection to the
digit line 18910 to cause a full rotation of the
units order wheel under control of the negative
emitter 304. In any other position of the brush
336UN it will contact with a contact element
337 which has a wire connection 34! to a digit
line 189 which represents a digit one unit less
than the digit represenfed in the units order
wheel. ’

But due to the inverse wire connections from
said digit lines 189 to the contact points 309 or
310 to the negative emitter the latter will cause
the transfer of the tens complement for  the
unit order. For succeeding columns the nines
complement of the digits will be transferred.
Hence accumulator 28{ will, in either a negative
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or positive condition of accumulator 250 repre- from the negatlve line side to the wire 348 (Fig.

sent a true number to control the result punch-
ing meéchanism now to be described,

After the total transfer operatfon has been
effected cam -controlled contacts C—2 (Fig. 1)
will be closed thereby establishing a circuit from
the positive line side ‘14, relay contacts 298/ now
closed, cam controlled contacts C—2; relay mag-
net 253, to the negative line side 13 (¥ig. 1) caus-
ing the energization of the cycle limit control
magnet 253 resulting in the closure of its relay
contacts 253b (Fig. 1) and the energization of
the magnet 260. Referring now to Fig. 2 and
Fig. 21 the switch arm 113 will now be positioned
so as to make electrical contact with the contact
point 1744 thereby causing operations now to be
described in detail.

Cam controlled contacts C—3 (Fig. 1) are
closed when cam controlled contacts C—2 close
and remain closed until after the beginning of
the next machine cycle thus providing a stick
circuit through relay contact 253. and wire 257
for the magnet 263 so that the latter is ener-
gized at the beginning of the next machine cycle.

" Result punching mechanism

The mechanism whereby the card which con-
trols the calculating operations may be punched
step by step as the result standing on the accu-
mulator 251 is read out will now be described.

Upon the contact of the switch arm 113 with

" the contact element 1745 (Fig. 4) a circuit from

35

€0

the negative line said as described before will
be extended from the contact element 1744 by a
wire 345 to cam controlled contacts C—4 (Fig.
2) and thence from said cam controlled contacts
to the total control relay magnet 82, then
through normally closed relay contacts 374a to
the posifive line side.  The cam controlled con-
tacts C—4 are adapted to be closed in the early
part of the machine eycle to cause relay magnet
82 to be energized but after tens transfer opera-
tions have been effected for accumulator 251

~ since the last described accumulator is adapted
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to have the same timing operation as accumu-
lator 258. The machine 1s so arranged that
amounts may be directly entered in accumulator
251 so that a tens transfer operation may be
required in accumulator 251 and the timing of
contacts C—4& take care of this possibility. Re-
lay contacts 82b (Fig. 4) close to provide 2 stlck
circuit for relay magnet 82.

It is evident- that irrespective of the subse-

quent opening of contacts C—4 the relay mag- .

net 82 will be held energized by the closure of
the relay contacts 82b (Fig. 4) and rniormally
closed relay contacts 387a.

From the contact element 1744 (Fig. 4) there
is a wire connection 348 leading as shown in
Figs. 4, 3 and 1 to a brush release magnet 349
(see Fig. 1), the other side of said magnet being
connected to the positive line side 14. Tt is ob-
vious that upon the contact of the switch arm
1713 with contact point 174: the magnet 349 will
also be energized.

As shown in Fig. 16, the energization of the -

magnet 349 will through its  movable core 358
and a link 354 rock the latching pawl {13 there-
by disengaging it from the arm 114 which is se-
cured to the shaft 106. TUnder the action of the
spring 112 the brush supporting frame will now
be elevated so that the brushes 77 are now out of
contact with the metal tracks 88.

‘When the switch arm 1713 contacts with the
contact element 1744 g circuit will be extended

1) as previously stated, and this is also con-

nected as shown in Fig. 1 to a punch switch -
controlling magnet 353, the latter being con-

nectéed to the positive line side by normally
closed relay contacts 354a.

Referring to Fig. 3, it will be evident that
upon the energization of the relay magnet 82
contacts 82a will be opened thereby opening the
circuit to the clutch control magnet 31 (Fig. 1)
so that upon the deenergization of the clutch
control magnet 31 the clutch pawl 26 (Fig. 6)
will be disengaged from the related extension 22
at the termination of a complete rotation of the
main driving gear 23. .

Furthermore, since contacts 48 (fig. 1) are
now closed it is desirable in the machine oper-
ation now being described to prevent the ener-
gization of the card feed clutch magnet 40 (Fig.
1) and this prevention occurs because at this

“time relay contacts 82¢ (Fig. 3) are open to open

the circult 60 to the card feed clutch magnet
40 through relay contacts 82¢ and cam controlled
contacts C—IT (see Fig. 8).

Upon the closure of relay contacts 82d (Fig.
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2) a circult will be extended from the positive .

line side 14 through normally closed contacts
347a, contacts 82d, relay contacts 358 to a wire
356 which leads as shown in Fig, 4 to g wire 356
connecting one side of each of a series of punch
operating magnets 357. The accumulator 251
is also provided with a read-out device similar
to that which has been described in detail for
accumulator 250 except for the units order which
is similar to the other orders. The series of
stationary contact elements 358 for each digit of
the read-out device iIs interconnected by a re-
lated metal strap or wire connection 359 and
said straps have wire connections 360 to one
blade of a series of manually controlled and nor-
mally closed relay contacts 86{c. The other
blade to each of said contacts 36ia is connected
to the related punch operating magnet 357.
The movable contact elements, which take posi-
tions according to the. digits entered in the de-
nominational orders of the accumulator 251 are
designated by reference numeral 362 and each
of saild movable contact elements 362 is con-
nected to a related one of contact points 363 of
a rotary punch magnet selecting switch shown
in detail in Fig..23. The movable switch arm
which normally contacts with a contact point
363 connected to the movable contact element
262 of the highest denominational order is desig-
nated by the reference numeral 364a. 'The cir-
cuit through the selected punch magnet from
the rotary switch just described is completed by
a wire connection 365 which leads from the
switch arm 364q to a wire 352 which is now con-
nected to the negative line side through contact
element 1744, switch arm (13 and contacts 384
now closed.

The rotary switch is shown in Fig. 4 in posi-
tion for determining which punch operating
magnet 357 will be energized in accordance with
the differential sefting of the movable contact
element 362 for the highest denominational
prder. If there has been no entry in this order
the circuit will be completed upon closure of con-
tacts 82d (Fig. 2) to the punch operating mag-
net 3570 adapted to punch the zero index point
position of the selected card column. However,
if the movable contact. element 362 related to
the highest denominational order has been
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moved two steps from the position shown in Flg,
4 so as to contact with the contact element 3582
the punch operating magnet 3572 will be ener-
gized and, as will be explained, this will cause
punching of the card at the “2” index point po-
sition.

The punching mechanism is best disclosed in
As hest disclosed in Figs.
10 and 31 the punching mechanism consists, in
part, of a horizontal plate 366 which is adapted
to support the series of punch operating magnets
367 and the plate 366 1s adapted to carry a ver-
tically mounted plate 3671. 'The plates 366 and
367, as best shown in Fig. 31, are connected to-
gether at right angles by means of a transverse
bar 368 which is fastened to each of the plates
366 and 361 by any suitable fastening means.
The plate 367, as best shown in Fig. 10, is adapt-
ed to be guided in the lateral movement of the
punching mechanism by means of a stationary
bar 369 and the framework of the punching
mechanism is further guided by causing the bar
368 to slide upon a stationary rod 370.

As best shown in Figs. 10 and 31, the vertical
plate 367 carries a punch guiding block or card
stripper 37! and a punch die 372 both of these
elements having a separation through which the
card to be punched passes. 'The movable core
313 of each punch operating magnet 357 has
8 bell crank operating connection 314 to the
related punch 375 whereby the selected punch is
adapted to be moved downwardly and perforate
the card at the selected point position. Each
punch as best shown in Fig. 31 is provided with
In pin 376 adapted to rock a pivotally mounted
ball 377 against the action of a spring 318 so
that sald spring after the deenergization of the
selected punch operating magnet will force the
operated punch 15 to normal position and out
of cooperation with the card. 'The bail 317 car-
ries a plate 378. of insulating material and said
plate as it moves downwardly is adapted to per-
mit contacts 51 to open and cause the closure
of contacts 380. The opening of contacts 51 is
effected by permitting its lower blade to move
away from the upper blade and the closure of
contacts 380 is effected by causing the plate 378,
to depress the upper blade of the contacts 380
The function of these con-
tacts will herelnafter be pointed out In connec-
tion with Fig. 2 where they are also shown.

In order to cause a lateral positioning of the
punching mechanism the block 363, as best
shown in Fig. 5 and Fig. 10, is adapted to be
threaded so as to receive s worm screw 881 and
the latter is provided with a crank handle 382
at its extremity. By manually turning the crank
handle 382 the punching mechanism may be
shifted laterally so as to correlate the series of
punches 315 with the index points of the first
column of the selected columns which consti-
tutes the highest denominational order to be
punched.

The punching mechanism is, however, held
stationary during the punching operation but
the card Is fed in a step-by-step manner after
each column is punched. '

When the bail 877 is depressed contacts 380
will be closed thereby effecting a circuit connec-
tion from the negative line side I3 (Fig. 4)
through contacts 52 which are now closed be-
cause the brushes are elevated, to contacts 380,
thence by a wire 383 to the punch control relay
magnet 354, one side of the relay magnet being
connected to the positive line side 14, When the
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relay magnet 384 is closed a stick circuit will be
provided for said relay magnet from the wire 383
to relay contacts 354a which are now closed due
to the previous energization of relay magnet 354,
relay contacts 34Tb which are normally closed,
and coritacts 384 now ciosed, one blade of the

contacts 384 being connected {0 the negative line .

side 13. When the relay magnet 354 is ener-
gized relay contacts 354b (Pig. 2) will be opened
thereby opening the circuit to the selected punch
operating magnet 357 whereupon the punch that
has been operated will be returned to normal
position by the action of the spring 3718 (Fig. 31),

Since the first column has been punched, it is
necessary now to space the card the distance of
one card column and this is effected by means of
a spacing magnet 385 (Fig. 2), the circult for
said magnet being from the positive line side 14
through normally closed contacts 347a, relay
contacts 82d now closed since relay magnet 82
is energized, relay contacts 354c closed since
relay magnet 354 is still energized, the spacing
control magnet 385 which is connected to the
negative line side 13 through the contacts §l
and the contacts §2. 'The latter are closed be-
cause the brush carrying frame is now elevated.

Since the bail 317 is now In its upward posi-
tion (Fig. 31), the contacts 5! will be closed so
that the circuit to the spacing control magnet
385 will only be made when the punch operated
is withdrawn from the card.

The means for spacing the card to be punched
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column by column is best shown in Figs. 9 and -

11 where it will 'be seen that the spacing control
magnet 385 when energized draws within its
movable core 386 thereby rocking a bell crank
387 connected thereto. The bell crank is piv-
oted by a screw 388 on an arm 389 which is piv-
oted to the framework at 390. The initial move-
ment of the core 386 will rock the bell crank so
that an integral lug 88{ will engage with one
of the teeth 392 of the ratchet disk 63. FPurther
movement of the core will cause the rocking of
the arm 388 and the movement of the Iug 381
to the right thereby turning the ratchet disk
63 sufficlently so that the feeding tape 65 will
feed the card the distance of one column. It

is further pointed out that the in 62 has pre-

viously been moved out of coaction with the
shoulder 60 due to the initial card feeding op-
eration thereby permitting the independent step
by step movement of the disk 63.

When the magnet 385 is energized the con-
tacts 384 will be opened thereby opening the
cirenit to the relay 354 (Fig. 2).

When relay magnet 354 1s deenergized relay
enntacts 354c will open causing the ovening of
the circuit to the spacing magnet 385 permit-
ting the lug 391 to be shifted to normal pre-
neratory to the next card spacing operation.
Relav contacts 354b now close, thus causing the
closure of the circuit to the next selected punch
magnet 38T concurrent with the shifting of the
switch blades 364a and 364b now to be described.

The deenergization of relay magnet 354 will
eanse ‘the opening of the relay contacts 354a
(Fie. 1) thereby onening the circuit to the punch
switch magnet 3853 to cause the selection of
the next punch operating magnet under control
of the read-out device (Fig. 4) of accumu-
lator 281. .

The detalls of the rotary .switch for suc-
cessively selecting the punch operating magnets
are shown in Figs. 22 and 23 and comprises a
well known form of rotary switch utilized to a

40

45

50

60

65

70

75



10

2,224,774

large extent in telephone work. The armature
393 of the magnet 358 when attracted rocks an
arm 394 integral therewith to.the right as
viewed in Fig. 23 thereby causing a spring blade
395 to be moved so that its operating end will
move upwardly and to engage a successive tooth
of a ratchet wheel 396 movable with the switch
arms 364a and 364b. Upon the deenergization
of the magnet 358, which occurs after the card
spacing operations has been effected, a spring

- 897 connected to the armature 383 and previous-

" ly tensioned will cause the movement of the.
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arm 394 and the blade 398 to the left turning
the switch arms 364a and 364b simultaneously
in a clockwise direction so that the switch arm
364a now leaves the first switch point 863 and
the switch arm 364> makes contact with the
switch point correlated with the read-out de-
vice for the billions denominational order there-
by selecting the punch operating magnet 357
under control of the read out device of accu-
mulator 251 for the billions denominational
order.

In the manner just explained the results stand-
ing on the accumulator 251 will be read out order
by order and the card columns punched succes-
sively so that there will be punched upon the
card the result standing on accumulator 261,

The punching machine is also provided with a
cycle limiting device thereby terminating punch-
ing operations when the desired number of digits
has been punched. This mechanism will now be
explained in detail.

The cycle limiting device is shown diagram-
matically in Fig. 3 and corresponds to the section
398 (Fig. 22) of the rotary switch and the actual
mechanical construction is precisely the same as
that disclosed in Fig. 23. Since in the example
assumed the final result involves seven digits to
terminate punching operations after the digit of
the lowest order has been punched, a plug 399
(Fig. 3) is inserted in one of a series of sockets
400 and into that socket which in numerical or-
der is one greater than the number of digits
which are to be punched. Upon the seventh step
of .movement of the switch arm 461 (movable
with the switch arms 364a and 3645, Fig. 4), con-
tact point 402s will be engaged thereby complet-
ing a circuit extending from the negative line
side 13, switch arm 4081, contact point 402s, socket
400s, plug 399 and thence by a wire 403 to the
punch limit relay magnet 347 (Fig. 1) one side

of the latter being connected as shown in Fig. 1 -

to the positive line side i4. When the relay
magnet 347 is energized, it will open its relay
contacts 34Ta (Fig. 2) thereby opening the circuit
355 leading to the series of the punch operating
magnets 357 and also causing by the opening of
contacts 347a the relay magnet 82 (Fig. 2) to be
deenergized.

The energization of the relay magnet 347 will
also cause its relay contacts 34Tb (Fig. 2) to be
opened thereby opening the circuit to the relay
magnet 354 and causing the latter to be deener-
gized. -Furthermore, relay contacts 347e (Fig. 1)
will also be closed thereby completing the circuit
to the card feed clutch magnet 40 which ex-
tends from the positive line side 14 through con-
tacts 16a, stop key contacts 11, the clutch con-
trolled contacts 48 now closed, relay contacts
347¢ now closed, the card feed clutch control
magnet 40, contacts 82C (Fig. 3) now closed be-
cause relay magnet 82 is deenergized, and the
wire 50 which leads as shown in Fig. 2 to the
contacts 51 which are now closed and the con-
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tacts 52 which are also closed thus completing the
circult to the negative line side 3. 'The card
feed clutch will now be engaged so as to cause
the feeding of the card which has just been
punched out of the machine and into a supply
hopper 403 (Figs. 5§ and 37). Coincidentally
therewith a successive card will be fed out of
the supply hopper 44 and into card analyzing po-

- sition so that calculating operations carried out

in the manner just described will take place for
the next card.. In the event that there is no
card in the hopper 44 when the punched card is
ejected, contacts 48 (Fig. 1) will be open thus
preventing the energization of the accumulator
operating clutch confrol magnet 31 when the
contacts F—2 close. The machine will there-
upon be automatically stopped in its operation.
It is also necessary to return the rotary switch
shown in Fig. 23 to its normal position and this
is effected by transmitting a series of electrical
impulses to the magnet 358 whereupon the switch

arms for the punch selecting device shown in .

Fig. 4 and the punch limiting device shown in
Pig. 3 will be returned to normal position.

To effect this operation a third section 404
(Fig. 22) of the rotary switch is employed and is
similar in construction to the sections previously
described. In the event that the switch arm 401
(Fig. 3) and the switch arms 364z and 364b
(Fig. 4) have been moved from normal, a switch
arm 405 (Fig. 3) movable therewith will engage
with one of a series of electrically interconnected
contact points 406. In Figs. 3 and 23 reference
numeral 407 designates normally closed contacts.
During the operation of the shaft 79 which it will
be remembered operates during the feeding of
the card a cam carried thereby will cause the
closure of contacts F—3 thereby extending a cir-
cuit from the negative line side through the cam
controlled contacts F—3, through the normally
closed contacts 407, the switch arm 405¢q to one of
the contact points 408 and thence by a wire 408
to the wire 348 which leads, as shown in Fig. 1,
to the punch operating switch magnet 353, the
other side cf said magnet being connected to
the positive line side through relay contacts 354a
which are now closed because relay magnet 354
has previously been deenergized. Therefore, an
impulse will be transmitted to the magnet 353
which, as shown in Fig, 23, will thereupon rock
its armature 393 and by means of a button 409
carried by the arm 394 contacts 407 will be
opened resulting in the deenergization of the
magnet 353. This in the manner previously ex-
plained will cause all the switch arms of the
rotary switch to be moved one step in a clock-
wise direction.  This operation will be repeated
until the pair of switch arms 405a and 4050 are
in such position that none of the contacts 406
will be contacted at which time the circuit to the
operating magnet 353 will be opened. _

Furthermore, when the card feed clutch con-
trol magnet 40 (Fig. 1) was energized by the
circuit connections previously outlined a magnet
410 in parallel connection therewith will be en-
ergized and as shown in Fig. 21 will rock its ar-~
mature 411, the armature being provided with
the integral retrograde preventing element 264.
The latter will be moved out of cooperation with
the ratchet wheel 263 permitting a spring 412 to
be active to return the switch arm 113 to the
normal position shown in Fig. 21.

Resetting of accumulators .
The accumulators with their related read-out
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devices are zeroized when the last computation
has been finished and after the card has been
punched.

To this end the shaft 5§ (Fig. 5) has a bevel
gear connection 42§ to & shaft 422 and by means
of a similar bevel gear connection 423 the ac-
cumulator reset shaft §24 is driven. The reset
shaft 424 is shown In Fig. 24 and is common to
both accumnulators and corresponds to the reset
shaft designated by numeral 379 in Patent No.
1,600,414 to C. D. Lake, dated September 21,
1928. By means similar {o that disclosed in this
patent the accumulators are simultaneously set
to zero, or selectively by the usual manually po-
sitioned reset clutch, is so desired.

Calculating operalions of various. combinations

The present machine is adapted to perform
calculating operations either of one type or the
combination of the two already described and are
carried out in the manner now to be described.

Erxample 1.—(Multiplication alone.)

Equation: AXB=X where A and B have each
four digits.

Keys: The keys depressed are X1 and Ti.

Plugging: Shown in Fig. 41,

The total keys #13 (Figs. 17 and 26) are des-
ignated Th and T2 and are used, respectively,
when one or two computations are to be made.
The key T: is adapted to close contacts 414

(Fig. 4) while key Ta closes contacts 415 and

both close the circuit to the wire 348. After
multiplication has been completed the move-
ment of switch arm 118 to contact with contact
element {742 will through contacts 414 effect
card punching operations in the same manner
as that previously described in connection with
the movement of switch arm {13 to contact with
contact element T44.. Contacts 415 will also
cause punching operations when two computa-
tions have been effected. The product will be
punched on the tabulating card from which the
factors were derived. .

Example 2—Cross adding calculation alone.
Result positive since no subtractive item occurs.

Equations: A4+B=X
A4+B+C=X
A4B+4+C+D=X
‘A+B4-C+D+E=X
A+B4C+DHELF=X
A4+B+C4+D+E4-FP4G=X
A4-B4+C+D+E4+F4+GHH=X

- Key depressed: When no subtractive item oc-
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curs, key =1, key Ti.

Plugging: Shown in Fig. 42 for the last equa-
tion. Note, only accumulator No. 2 is utilized.

" Ezample 3.—(Cross algebraic calculation alone
with one or more subtractive items.)

Equation: A+B—C+D—E+F—G+H==+X
Key depressed: Key *1, key NB:, key Ta.

Plugging: Shown in Fig. 43. Note, both ac-
cumulators are utilized.

Key T: is depressed to cause the punching of

the result and the result will be punched auto--

matically, as previously described. Key Tz must
be depressed as in one vertical column (Fig. 17)
only one NB or T key may be depressed as one
depressed will automatically release the other

previously depressed.

Ezample No. 4—(Cross algebraic calculation
of one or more amounts when result is positive

- the read-out device of accumulator 2850.
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and the result multiplied by a multiplier amount
on the card.) '

Equation: (A+B—C+D—E+F—-G+H)I=X
Key depressed: Key =+1, key X3, key Tz. 5
Plugging: Shown in Fig. 44. :

Note: In this type of calculation the multi-
plicand is not received from the card but from
The
multiplicand sockets have a plug connection §{9-
to the sockets 342 of the read-out device instead
of being received by the plugs 137 (Fig. 3) related
to the card columns. When a particular contact
247 (Fig. 1) is closed the circuit will lead from
the positive line side 14, normally closed relay
contacts 381, relay contacts 183p, now closed,
the closed contacts 247 involved in a particular
digit representing line 1§89, thence by a wire 341
to the particular digit contact 831 engaged by
the differentially moved contact element 336 and
plug socket 342. The circuit then extends by a
wire in the plug connection 510 (Fig. 44) to the
correlated socket 139 (Flg. 1), wire 147, contact
elements [44—I145, wire 227, socket 228, cable
229 to a socket 343 of accumulator 251 (Fig. 4),
leading through an associated relay contact 501a
to a correlated accumulator control magnet 332,
thence by wire 232 to the negative line side.
Hence the readout device of accumulator 250
may be utilized to represent a multiplicand in-
stead of deriving it from a card fleld.

Example No. 5.—(Multiplication of two fac-
tors on a card with a series of amounts effected
by cross calculation added to the product.)

Equation: (AXB)+4+C+D+E=F.
Keys depressed: Key Xi, key +2, key Ta.

Plugging connections: Shown in Pig. 45. Note
~ use of a serles of plug sockets 508 for ac-
cumulator #2. See also Fig. 4.

Ezample No. 6.—(Multiplication of two fac-
tors on a card with a series of amounts effected -
by cross calculation added or subtracted from
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the product with result either positive or nega- 48
tive.)
Equation: (AxB) +C+D—E=F.

. Keys depressed: With subtractive item, key Xi, 50

key =+2, key Na.

Plugging connections: Shown in ¥ig. 17. Note,
accumulators #2 and #1 are utilized. See
punched result on card shown in Fig. 25.

Dividing mechanism

While the multiplying mechanism and the
cross calculation device will take care of, by far,
most commercial requirements the usefulness of
the machine will be enhanced by the provision
of a dividing mechanism. As will be explained
later in connection with examples this mecha-
nism may be used alone or in combination with.
the multiplying mechanism or the cross calcula-
tion device.

The quotient result of division ‘is always
entered In accumulator 28! and if division is the
first calculation to be performed then other
amounts may be subsequently entered -therein
but if other amounts derived as a result of cross 70
calculation or multiplication have been entered
in accumulator 254 the quotient amount may be
subsequently entered therein.

The details of the electrical devices of the di-
viding mechanism are shown in Fig. 2 while 3
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Figs. 27, 28 and 35 show the details of the col-
umn shift devices.

Reference numeral 426 in Figs. 4, 17 and 26

designates three division controlling keys one of

5 Wwhich is depressed and locked in depressed con-

dition prior to machine operations to close its

related contacts 421. The particular key 426 de-

pressed will depend upon when division is to be

performed in a series of computations.

10 sure of one of the contacts 421 when the switch

arm 113 (Fig. 4) engages the contact point 174 -

electrically connected to the particular contacts

4217 closed will extend the negative side of the line

to a magnet 428 (Fig. 2) by a wire 429. The

15 other side of said magnet is connected by a wire

430 to cam controlled contacts C—I12 one blade

thereof being connected to the positive line side.

The dividend, which is assumed to be the num-

ber .758- and perforated in columns 2{—23 has

20 the related metal tracks 88 (Fig. 4) associated

with the columns in which the dividend is per-

forated connected by a series of plug connecting

wires 431 to desired sockets of a series of dividend

receiving sockets 432 (see Figs. 2 and 47). Said

28 sockets are connected to a series of ten stationary

contact elements 433 (Fig, 28) carried by a bar

434 (Fig. 35). Normally contacting with the ele-

ments 433 is a series of ten movable contact ele-

ments 435 (Figs. 2 and 28) carried by a movable

30 bar 436 (Fig. 28). The movable contact ele-

ments 435 have wire connections 437 to a series

of contact points 438 carried by a stationary bar
441 (Fig. 35). .

A series of ten contact elements 440 carried by

35 a bar 439 (Fig. 35) movable step by step as

dividing operations ensue are normally out of -

cooperation with the ten contact elements 438 but

upon a half step of movement of the bar 439 the

desired electrical contact will be made to initiate
40 dividend entry operations, The ten contact ele-
ments 440 have individual wire connections in a
cable 442 (Fig. 2) to ten of the accumulator con-
trol magnets 231 starting from the units to the
next to the highest denominational order of the
48 accumulator. 268. The connection for the elev-
enth or highest denominational order will be ex-
plained later and this order corresponds to the
accumulator control magnet 23111 at the extreme

right in Fig, 2.
j0 The connections in the cable 442 are so made

that when the plug connections 431 are made the

dividend entry will be made in the denominational

orders of the accumulator beginning at the next

to the highest order. The accumulator control
i3 magnet of the highest order or 2311 has a wire
connection to the movable contact element 443
(Fig. 2) normally out of contact with the first
contact element at the right of a series of eight
stationary contact elements 444 (see Fig. 27).

Understanding that one set of contacts 427
have been closed by the depression of a division
controlling key 426 those which are effective will
extend the circuit from the negative line side by
wire 429, by a wire 445 to a magnet 446 (see Fig.
5 35) which in the manner explained in connection
with multiplying operations will rock a pawl 441
and an arm 448 on which the pawl is pivoted so
that upon a shift of the pawl 447 to the left
the bar 439 will be moved a half step to the left
engaging the contact elements 440 and 438.

The magnet 446 is connected to the positive
line side through normally closed contacts con-
stituting as shown in Fig. 28 a movable contact
element 449 carried by the bar 436 and a station-
¢ ary contact element 450 and cam controlled con-

-’

The clo-
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tacts C—I(3 which are closed early in the cycle to

cause the initial half shift of the bar 439.
During the initial part of the first machine

" cycle and during the first accumulator operating

cycle the additive section 303 of the emitter 8
will function so as to cause the transmission of
electrical impulses to the accumulator control
magnets 231 connected for operation at differen-
tial times in accordance with the dividend repre-~
sentation so that the dividend will be entered in 10
the ten orders of the accumulator 250 to give the
following representation:

07580000000

After the dividend entry the divisor i§ sub- 15
tracted one or more times by-the entry of the
tens complement until an overdraft is reached
which will terminate divisor subtracting opera-
tions for one quotient digit and cause the re-
entry of the divisor as a positive number in the 20
accumulator 250. ' :

The divisor Is assumed to be the number -25-
and as shown in Figs. 4 and 2 the metal tracks
88 of the columns perforated to represent the
divisor have plug connections 451 to a series of (1.1
divisor sockets 452 (see Fig. 17). The latter have
connections to a series of stationary contact ele-
ments 453 (Figs. 28 and 35) so that by moving
the bar 436 the movable contact elements 435 can
make contact with the contact elements 453. 30
" The plug connections 451 are so made that the -
digit of the highest denominational order of the
divisor, or “2” in the example assumed will be
subtracted by the entry of the tens complement
from the digit of the highest denominational 35
order of the dividend number (758) or from “7*
in the example assumed. There is a fewer num-
ber of divisor sockets 452 provided than dividend

.sockets 432 as the divisor is usually smaller in

number of denominational orders. 40
. It will be seen from Fig. 2 that when cam con-
trolled contacts C—12 close after the dividend
entry the circuit will be completed from the posi-
tive line side 14 through said contacts and by the
wire 430 to the magnet 428 and thence ag previ- 45
ously described to the negative line side (3 ener-
gizing the same and causing the shift of the bar
436. Thereupon the bar 436. carrying the con-
tact element 454 (Fig, 28) will cause the latter
to make contact with a stationary contact element 50
455 and since these are shunted across the cam
controlled contacts C—I2 as shown in Fig. 2
magnet 438 will be held energized. As a result of
the movement of bar 436 the contact elements
449 and 450 will be separated thus preventing 55
the reenergization of the magnet 446 until relay
contacts 459d are closed as will be later explained.
The bar 439 will, however, be held in its shifted
position by a retrograde preventing pawl 456 .
(see Fig. 35). 60
As shown in Figs. 4 and 28 upon the movement
of the bar 436 to the left the movable contact

- element 457 will engage with the stationary con-

tact element 458 thereby extending the circuit’
from the previously closed contacts 427 through 65
relay contacts 459a now closed, contact elements
451 and 458, wire 296 to the relay magnet 290,
the latter being connected to the positive line
side 14 through the relay contacts 298¢, now
closed. Hence relay magnet 290 will now be 70

- energized to cause the closure of relay contacts

280b and the selection of the negative section
304 of the emitter. In the manner previously ex-
plained for complement entries in cross calcu-

Jlation the digit “2” of the highest order of the yg
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divisor will be subtracted by the entry of the
nines complement or “7.” ¥or the units order
or digit “5” the tens complement must be sub-
tracted and this is performed by means now to
be explained.

The series of brushes for the units dlvisor col-

" umn are designated 11u (Pig. 4) ~nd each is
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adapted to be connected to a movable blade 460
of relay, the magnet being designated by numeral
481. The blade 460 normally contacts with the
related contact 462 and these normally connect
the brushes 17u to the bars (27 pertaining to the
same . digits so that by the additive section 303
of the emitter the units digit of the divisor may
be entered additively, for purposes later to be
explained. When the relay magnet 46{ is ener-
gized the blades 460 will be positioned to engage
with contacts 462a but now the “0” index point
brush of the units denominational order will be
connected with the bar {2710 and this will cause
the entry of “f0” if the units denominational
order of the divisor should be “0.”

The other brushes will be correlated with the
bars (21 one unit lower in value to thus cause
by the connection of the bars 127 to the negative
section 304 of the emitter the entry of the tens
complement of the digit.

The relay magnet 461 is adapted, so to speak,
to change the interconnection between the
brushes 1Tz and the metal bars 127 so that when

magnet 46f is deenergized the brush unit will

function like the brush unit shown in Fig. 16 and
when energized function like the specially con-
structed brush unit shown in Fig, 36.

Since the magnet 461 (Fig. 2) is in parallel
connection with the relay magnet 290 it is ob-
viously energized at the same time and when the
negative section 304 of the emitter is selected.

It will be recalled that the highest denomina-
tional order of the accumulator 250 receives no
entry during the dividend entry operation., It
does however, receive a “9” entry during a com-
plement entry operation by the following de-
scribed means.

The wire 323 (Fig. 2) leading from the digit
line 1880 of the negative section 304 of the emitter
leads by a wire connection 463 to the series con-
tact points 444 one of which is engaged by the
movable contact element 443. From the descrip-
tion given in describing the cross calculation de-
vice it will be recalled that when the wire 323 is
connected to an accumulator magnet it will cause
the entry of a “9.” ‘Since the movable contact

element 443 is connected to the accumulator

magnet 2341 its coaction with the first contact
element 444 will cause the entry of a “9” in the
highest dernominational order of the accumulator.

The operation described can be represented as
follows:

- 07580000000 éDlvidend)
97500000000 12())53) complement of divisor

Remainder._ 05080000000 Quotient digit -1-

It is of course desirable to give a representa-
tion of the quotient and this is effected by the
following arrangement: From the digit line 1893
which receives an electrical impulse from the
negative section 304 of the emitter at a time in
the accumulator cycle for the entry of a “1” by
the energization of an accumulator magnet there
is a wire connection 464 (Fig. 2) to relay con-
tacts 290¢g which are closed when subtraction by
the complemental method is being performed and
also to a contact 504 which engages a contact
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point 8508 as the bar 438 is now shifted, Prom
sald contacts 808 there is a wire connection 465
to a contact element 488 carried by the movabie
bar 438 adapted to contact with the first one of
a series of contacts 487 carried by the stationary
bar 441 upon the initial hall-step shift of the
former (see also Fig. 27).

The contacts 487 have wire connections to a
series of quotient sockets 468 (see also Fig. 17)
which are adapted to be plug connected to any
set of the sets of accumulator receiving sockets
of accumulator 28¢ such as 602, 503 or 343. As
many orders will be plugged as corresponds to

10

the desired number of digits in the quotient as - '

shown in Fig. 47. In the present case two orders
will be plugged as the quotient involves only two
digits. Hence the tens accumulator control mag-

- net 332 of accumulator 281 will be energized to

cause the entry of a unit. An entry of a unit
will be made for each subtraction operation and
including the operation when an overdraft is
reached.

The succeeding subtracting operations includ-
ing the one with an overdraft are expressed as
follows:

05080000000
975

02580000000 Quotient -2-
975

00080000000 Quotient -3-
975

97580000000 Quotient -4-

When an overdraft is reached the contact ele-
ment 336Ts is in contact with the contact element
33Ty (Fig. 2) since for the highest denominational
order a nine is entered. A circuit will then be
made from the positive line side 14 through the
said contacts 3379 and 336rs fo the wire 417 and
thence to a relay magnet 458, From said magnet
the circuit leads through cam controlled contacts
C—I4 and a wire 468 to the wire 445 which is
connected to the negative line side by circuit con-
nections previously described. A stick circuit for
the relay magnet 458 is provided by the closure
of relay contacts 458b, which connect the positive
line side to relay magnet 459. From magnet 459
there is a wire connection 470 to normally closed
contacts 41f and from said contacts 41( to the
closed relay contacts 459c to the negative line side
by wires 469 and 448.

Since the magnet 446 is now deenergized the
contacts 4Tt (see Fig. 35) will now be closed. As
will appear later by the energization of magnet
446 an extension 4712 of the arm #48 will subse-
quently cause the opening of contacts 471.

Relay contacts 459a (Fig. 4) are opened by the
energization of relay magnet 459 thereby discon-
necting the negative line side from the relay mag-
nets 290 and 461, thereby by the closure of relay
contacts 290a (Fig. 2) selecting the additive sec-
tion of the emitter to cause the addition of the
divisor to the amount standing on the accumu-
lator. During this additive cycle contacts 290f
(Fig. 2) will be closed and an electrical impulse
will be sent by means of the digit line 189 by
wire 473, contacts 290, contacts 504, 508 to the
wire 485 and thence to the units order accu-
mulator magnet 332 of accumuator 251 (see Fig.
2). Hence a “9” will be entered In the units
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order of accumulator 251.
be described as follows:

97580000000 False quotient 4
25 9

00080000000 True quotient digit -8- as the

“1” will not be carried
To prevent the carrying of one order to another

as would occur above the entire transfer mech-

anism for the quotient receiving accumulator 28{
is rendered inoperative by the following described
means. )

The transfer mechanism, as previously stated,
is well known in the art and reference numeral

413 designates in Fig. 38 one of the transfer arms -

which is released for operation by its spring 414
when a lower order wheel passes through “0.”
Its subsequent operation by the bail 273 would
cause a transfer operation. For accumulator 254
there is provided & magnet 475 which is energized
when magnet 428 is energized, since as shown in
Fig. 2 it is in parallel therewith.

When magnet 415 is energized it will rock an
armature 416 and an attached plate 4171 which
is bent so that its extremity will pass in front
of all the lugs 418 of all the transfer arms 4713

thereby preventing their release, Hence no -

transfer will occur and the first order of the
accumulator 281 will exhibit the true quotient
digit or “3.”

At the beginning of the next accumulator cycle,
in the example assumed, cam controlled contacts
C—I13 will close thereby extending a circuit from
the positive line side, through relay contacts 459d
now closed to the magnet 448 thereby energizing
the same gnd causing the bar 439 to be moved
a distance of a complete step. Thereupon con-
tacts 471 will be opened to cause the deenergiza-
tion of relay magnet 459. 8ince its relay con-
tacts 459a (Fig. 4) now close magnets 290 and
461 will be energized again causing the selection
of the negative section 304 of the emitter. This
calculating operation can be expressed as follows:

00080000000
9975
99830000000 Quotient digit “1”
intensorder. -
‘It will be seen that since both the contact ele-

~ ment 443 and the contact element 440 at the
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extreme left (Fig. 2) now engage with two of
the contact elements 444 the two highest de-
nominational orders of accumulator 2560 will each
receive a “9” as shown above. Due to the posi-
tion of bar 439 the feczler 486 will now select the
units order of the quotient accumulator for &
unit entry..

" As an overdraft is immediately reached the
dividend -accumulator will be restored to a posi-
tive condition by an addition operation expressed

as follows:
99830000000 Quotlent digit
0025 9

Remainder: 00080000000 For quotient digit -0-

Accumulator 250 will exhibit the remainder
-0008- and the quotient ~-30- will be exhibited in
accumulator 251.

After the last quotient digit has been derived
the machine goes through another cycle of oper-
ation and since the accumulator is now in a
positive condition the subtraction operations will
be repeated as before. That is, the bar 439 Is

0‘1”’

"This operation can
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glven a shift of & unit and the last remainder
will have added thereto the tens complement of
the divisor and while this may affect the re-
mainder this is of no importance since it is not
utilized. There will be, however, no entries to
the accumulator 251 since the contact element
4868 (Fig. 2) now engages the third contact point
467, from the right in Fig. 2. The unit impulse
sent to the wire 468 from the negative section
304 of the emitter by the circuit previously de-
scribed will be extended by a cycle limit plug
connection 479 (Fig. 2) to cam controlled con-
tacts C—I6 which are connected to the wire 252.
This will cause by circuit connections previously
described the energization of a magnet 480 (Figs.
1 and 4) which will rock the retrograde prevent-
ing pawl 458 (see Fig. 35) thereby permitting a
spring 480a (Fig. 35) to return bar 439 to nor-
mal position. The magnet 260 in parallel con-
nection with magnet 480 causes the switch arm
173 to move from contact 174: to 1743 as has been
previously described thus breaking the stick cir-
cuit holding magnet 428 energized.

The punching and other operations that take
place when an impulse is sent to wire 252 have
previously been described in connection with the
description of the multiplying .and cross calcu-
lating mechanism.

As best shown in Pigs. 2 and 35 the bar 436
carries a contact 482 which is brought out of
contact with a contact 483 on the stationary bar
434 when magnet 428 is energized. These safety
contacts merely open the circuit from wire 323
to the plugs 324 preventing the possibility of
Improperly transmitting impulses to certain ac-
cumulator control magnets 231 when effecting
division operations, since these magnets might
have been connected to control the entry of nines
for cross calculating operations.

Examples of some calculating operations
involving division

There will now be explained, by way of ex-
amples, some of the calculating operations in-
volving division that can be performed by the
present machine:

Ezample No. 6.—Division alone
Equation:

A

B-—X
Keys depressed: Key 1, and key T1.
Plugging connections: Shown in Fig. 46.

Ezample No. 7—Division and cross calculation
with the quotient result entering as an item in
cross calculation.

Equation:

At CHD—B+F-G+H-I4+J=X

or & lesser number of items of cross calculation.
Keys depressed: Key 41, key =2 and key Ta.
Plugging connections: Shown in Fig. 47. Note,
the special plug connection 505 for entering
a “9” in the highest denominational order
of accumulator #2 in subtraction.

- Example No. 8.~Division and multiplication
with the quotient added to the product of multi-
plication.

Equation:

4 v
‘B+C'XD=X‘

Keys depressed: Key -1, key Xa, key Ta.
Plugging connections: Shown in Fig. 48.
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Ezample No. 9.—Cross calculation, then divi-
sion to cause the result of the former to be added
only to the quotient.

Equation:

A+B+C+D+E+F+G+H+ J=X

Keys depressed: Key =+, key 4-2, key Tz
Plugging connections: Shown in Fig. 49.

Example No. 10.—All calculating operations
such as subtraction, addition multiplication, divi-
sion effected automatically and result entered in
one accumulator.

Equation:

%+CXD+(E—F+G)=X

Keys depressed: Key +1, key Xa, key 3.

Plugging connections: Shown in Fig. 50. Note
the special plug connections 8§06 from the
two “9” plug sockets 324 to certain plug sock-
ets 280 of the row involving the subtractive
item. By the plug connection 2718 “9” are
entered in the two highest denominational
orders of accumulator #2 in subtraction.

Checking device

After a calculation or a series of different cal-
culations have been performed and the result is
punched on a card, to determine the accuracy in
punching the result the card is again passed
through the machine and the calculation is re-
peated but with the checking device in operation
the re-calculated result in accumulator 251 is
compared with the result of the first calculation
and previously punched on the card.

As verification is obtained in all columns the
card will be fed step by step as the comparing
operation continues but upon the determination
of a non-identity between & digit representation
of a card column with the digital result in the
correlated denominational order of the accumu-
lator card feeding will be terminated. ’

Reference numeral 861 in Fig. 4 designates the

‘magnet of a relay which is adapted to open the

series of contacts 36la (Fig. 4), open the relay
contact 86ic (Fig. 1) and close a series of con-
tacts 36ib (Fig. 4) thereby connecting in the
readout device of accumulator 251 the series of
contact points 358 of a particular digit to a re-
lated digit line 189 by a wire connection 486.

. The relay contacts 36ic are opened to-prevent
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the establishment of false circuits by the emitters
or multiplier control drum 214. The checking
switch lever 484 (¥Fig. 37) which comprises a
three pole switch is also adapted to close con-
tacts 487 and 488 (Fig. 4) and 489 (Fig. 2) when
shifted to operated position.

As shown in Fig. 4 if the 26th column was the
first or highest order column punched to repre-
sent the result, with the set of punches 318 shift-
ed out of the way, a brush unit of the type shown
in Fig. 16 will be set in place and the plug 490 of
the track 88 of the correlated column will be en-
tered into & socket 481 (see Fig. 17). The socket
491 has a wire connection 492 which is connected
as shown in Fig. 2 to one side of the punch control
relay 354.

It will be recalled that as previously stated
when the punching mechanism is selected for
operation in the manner previously described the
magnet 82 (Fig. 2) is energized when cam con-
tacts C—4 (Fig. 2) close thus causing relay mag-
net 361 to be energized since it is in parallel
therewith as contacts 48% are clogsed. Also when
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switch arm (718 contacts with a selected point 114
(Fig. 2) as previously stated, magnet 349 (Fig.
16) is energized to permit the brush units to be
elevated so that the brush unit correlated with
the card column punched is also elevated above

the related track 88. The relay magnets 82 and -

381 are energized simultaneously but the relay
contacts 82d are timed to close preferably, after
the relay contacts 36la are opened and relay
contacts 361b closed.

When relay contacts 82d close due to the ener-
gization of relay magnet 82 by the closure of cam
controlled contacts C—4, a circuit will be made
from the positive line side {4, relay contacts 341a
normally closed, relay contacts 824 now closed,
relay contacts 354b normally closed, wire 3885, to
the contacts 488 (Fig. 4) now closed, to a magnet
493 and thence by wire 382 to the negative line
side by the selected contact 174 and switch arm
1713 through contacts 384 now closed.

The energization of magnet 493 will, as shown
in Figs. 5, 9, and 16, draw its core downwardly
so that by a link 484 connected between the
core and an arm 498 (Figs. 5 and 9) the shaft 106
will be rocked since the arm 495 is connected to
said shaft. Hence the brushes will be depressed.

If the first column was punched to represent
the digit “2” the movable contact element 362 at
the extreme left (Fig. 4) would be engaged with
the contact point 3882 and the circuit would be
made as follows: From the negative line side by
switch arm 113, and the selected contact point
114, wire 352, wire 365, the switch arm 364a,
switch point 363, movable contact element 362,
contact point 3582, and thence to the related digit
line 189 through the closed contacts 36la and
related wire 486. Since the column is assumed
to be perforated at the “2” position the digit line
1892 will be electrically connected to the metal
track 88 selected for checking through the brush
11 at the “2” index point position. The circuit
now extends from the plug 490 and socket 491 by
wire 492 to the punch control relay 354 to the
positive line side 14, causing it, upon an identity,
to be energized. 'The energization of the latter
will cause relay contacts 354c to be closed (Fig.
2) and cause the space control magnet 385 to be
energized to feed as previously described the card
one step ready for the next comparison. At the
same time relay contacts 364b open to cause mag-
net 493 to be deenergized and thus the brushes
are raised to permit the free feeding of the card.

Thereupon the next column is selected for
comparison purposes with the next order of the
accumulator 251 due to the stepping of the
switch levers 364a and 3640 one step. The oper-
ation is similar to those described for punching
except that the magnet 493 which depresses the
brushes is energized at the times that the selected
punch operating magnet 857 would be.

If the circuit is not completed due to failure
in identity of the digit expressed on the card
and. the order of the accumulator compared
therewith the space control magnet 385 will not
be energized and the comparison operations will
stop. By depression of a key 486 (Fig. 4) to close
contacts 487 the circuit from the relay magnet
384 to the negative line side {3 will be com-
pleted by the contacts 497 and the previously
closed contacts 481. This will initiate the opera-
tion of the checking device but this manual op-
eration will be an indication of the failure of an
absolute comparison and an indication of either
an improper punching or calculation,

While there has Yeen shown and described and
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pointed out the fundamental novel features of
the invention as applied to & single modification
it will be understood that various omissions and
substitutions and changes in the form and de-

tails of the device {llustrated and in its operation:

may be made by those skilled in the art without
departing from the spirit of the invention. It is
the intention, therefore, to be limited only as
indicated by the scope of the following claims.,

What is claimed is: .

1. In a calculating machine, means for an-
alyzing a card at rest comprising a plurality of
sets of analyzing means, one set for each card
fleld and each set comprising a plurality of col-
umns of analyzing elements, an accumulator,

" cross totalizing means comprising means for

20
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30

causing said analyzing elements of said sets to
control and direct in succession under control
of one set after another the entry of values rep-
resented by said flelds into said accumulator.
means settable by the operator for predeter-
mining the number of sets of analyzing means
effective for cross totalizing operations, supple-
mental analyzing means for analyzing said card
comprising a plurality of columns of analyzing
elements for analyzing a card fleld representing
a factor of multiplication, multiplying devices as-
sociated with said supplemental analyzing means
and sald accumulator for effecting the muiltipli-
cation of said factor and the other factor repre-
sented by said accumulator, a product receiving
accumulator controlled thereby in which the
product is formed, and means for initiating and

- effecting the operation of said multiplying means
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upon completion of cross totalizing operations for
predetermined card flelds..

2, In a calculating machine for performing
cross-totalizing operations, means for analyzing a
plurality of fields of value representing designa-
tions on a single card, an accumulator, means
for effecting under control of said analyzing
means cross-totalizing operations from said fields
of the card by entering the values in said accumu-
lator, means for causing values from predeter-
mined fields of sald card to be entered in said ac-
cumulator subtractively to derive a balance which
may be either a frue number or a complement, a
supplemental accumulator, transfer means for
transferring the balance from the first named
accumulator to said supplemental accumulstor
as a true number, transfer means for transferring
the balance from the first named accumulator to
said supplemental accumulator as a tens comple-
ment, means under control of the first named

accumulator for selecting the transfer means ef- -

fective for a transfer operation, means for pre-
determining the number of flelds effective for
cross-totalizing operations, and means controlled
by sald last named means for initiating the bal-
ance transfer operation under control of the se-~
lected transferring means.

3. In a calculating machine, an accumulator,
means for analyzing designations arranged in a
plurality of card fields on a card representing a
pPlurality of values, means for effecting the suc-
cessive entry in said accumulator of values de-
rived by said analyzing means from said flelds
of the card, means associated with sald accumu-
lator for representing the total therein, a supple-
mental accumulator, means for analyzing said
card for designations representing s factor in a
multiplying calculation, devices coordinated for
automatic operation for multiplying a multiplier
factor and multiplicand factor and for entering
a product in sald last named accumulator and in-

cluding means for rendering said last named an-
alyzing meang effective as a source of one factor
in the multiplying calculation and for rendering
sald total representing means effective as a source
of the other factor in the same multiplying cal-
culation, and means for fnitiating and effecting
the operation. of said last named devices upon
completion of cross-totalizing operations for said

card fields. ‘ ‘

4.In a calculating machine capable of selective-
ly effecting cross-totalizing calculations, muiti-
plying or dividing calculations, in combination,
an accumulator, actuating means therefor adapt-
ed for control from several sources, mezns for
analyzing to be calculated data represented on 2
card, devices coordinated for automatic opera-
tion for multiplying a multiplier and multipli-
cand, and for entering the product in .the ac-
cumulator through said actuating means and in~
cluding means for rendering the analyzing means
effective as a source of the factors in the multi-
plication, devices coordinated for automatic op-
eration for dividing a dividend by a divisor and
for entering the quotient in the accumulator
through sald actuating means and including
means for rendering the analyzing means effec-
tive as a source of the amounts ysed in the divi-
slon, cross-totalizing devices for causing said ac-
tuating means to effect the entry in said accumu-
lator of one or more items derived from the card
by the analyzing means correlated with one or
more flelds of the card, a plurality of control ele-
ments each for initiating the operation of the de-
vices for one of said calculations, a plurality of
preset selecting devices for selecting by a pre-
setting thereof any control element to be effective
in any one of a succession of operations, and
means cooperating with said selecting devices
for rendering the selected control elements ef-

fective and in the sequence predetermined by the

pre-setting of the selecting devices.

5. In a calculating machine capable of selec-
tively effecting cross-totalizing calculations, mul-
tiplying or dividing calculations, in combination,
an accumulator, actuating means therefor adapt-
ed for control from several sources, means for
analyzing to be calculated data represented on

a card, devices coordinated for automatic opera--

tion for multiplying a multiplier and multipli-
cand, and for entering the product in the ac-
cumulator through said actuating means and in-
cluding means for rendering the analyzing means
effective as a source of the factors in the muilti-
plication, dividing devices coordinated for auto-
matic operation for dividing a divident by a
divisor and for entering the quotient in the ac-
cumulator through said actuating means and
including means for rendering the analyzing
means effective as a source of the amounts used
in the division, cross-totalizing devices for caus-
ing said actuating means to effect the entry in
said accumulator of one or more items derived
from the card by the analyzing means correlated
with one or more fields of the card, a plurality
of normally ineffective control elements each for
initiating the operation of the devices for one of
said calculations, a plurality of selecting devices
manually preset prior to an operation of the
machine for selecting by a pre-setting thereof
any control element to be effective in any one
of & succession of operations, and means cooper-
ating with said selecting devices and operable as
the calculating operations of the machine are
successively effected by sald devices for render-
ing the selected control elemenfs successively
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effective and in the sequence determined by the
- manual pre-setting of the selecting devices.
6. In a calculating machine capable of selec-
tively effecting cross-totalizing calculations, mul-
5 tiplying or dividing calculations, in combination,
an accumulator, actuating means therefor adapt-
ed for control from several sources, means for an-
alyzing to be calculated data represented on a
card and including means for rendering the an-
10 alyzing means effective as a source of data for
said calculations, devices coordinated for auto-
matic operation for multiplying a multiplier and
multiplicand, and for entering the product in
the accumulator through said actuating means,
15 devices coordinated for automatic operation for
dividing a dividend by a divisor and for entering
the quotient in the accumulator through said ac-
tuating mesns, cross-totalizing devices for caus-
ing said actuating means to effect the entry in
20 said accumulator of one or more items derived
from the card by the analyzing means correlated
with one or more fields of the card, a plurality
of control elements each for initiating the opera-
tion of the devices for one of said calculations, &
25 plurality of pre-set selecting devices for selecting
by a pre-setting thereof any control element to
be effective in any one of a succession of opera-
tions, and means cooperating with said selecting
devices for rendering the selected control ele-
30 ments effective and in the sequence determined by
the pre-setting of the selecting devices.
7. In a calculating machine capable of effect-
ing cross-totalizing calculations and/or multiply-
- ing calculations, in combination, an accumulator,
35 actuating means therefor adapted for control
from several sources, means for analyzing to be
calculated data represented on a card, devices
coordinated for automatic operation for multiply-
. ing a multiplier and multiplicand, and for en-
40 tering the product in the accumulator through
said actuating means and including means for
rendering the analyzing means effective as a
source of the factors in the multiplication, cross-
totalizing devices for causing said actuating
43 means to effect the entry in said accumulator of
one or more items derived from the card by the
analyzing means correlated with one or more
fields of the card, a plurality of control elements
for initiating respectively the operation of said
50 multiplying devices and said cross-totalizing de-
vices, a plurality of pre-set selecting devices for
selecting by a pre-setting thereof any control ele-
ment, and means cooperating with said selecting
devices for rendering the selected control element
S or elements effective and in a sequence deter-
mined by the presetting of said selecting devices
when both elements are selected for operation.
8. In a calculating machine capable of selec-
tively effecting cross-totalizing calcuiations, mul-
60 tiplying or dividing calculations, in combination,
an accumulator, actuating means therefor adapt-
ed for control from several sources, means for
analyzing to be calculated data represented on a
card, devices coordinated for automatic operation
63 for multiplying a multiplier and multiplicand,
and for entering the product in the accumulator
through said actuating means and including
means for rendering the analyzing means effec-
tive as a source of the factors in the multiplica-
70 tion, devices coordinated for automatic opera-
tion for dividing a dividend by a divisor and for
entering the quotient in the accumulator through
said actuating means and including means for
rendering the analyzing means effective as a
75 source of the amounts used in the division, cross-
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totalizing devicesfor causing said actuating means
to effect the entry in said accumulator of one or
more items derived from the card by the analyz-
ing means correlated with one or more flelds of the
card, a plurality of normally ineffective control §
elements each for initiating the operation of the
devices for one of said calculations, a plurality
of rows of preset keys, means controlled by the
keys of each row for selecting any control element
to be effective in one of & succession of calculat- 10
ing operations, and means cooperating in suc-
cession with said rows of keys for rendering the
selected control elements effective under control
of the keys preset and in a sequence depending
upon the particular key preset in each row. 15

9. In a calculating machine capable of effect-
ing computations of two different types in a pre-
determined sequence, in combination, an accumu-
lator, actuating means therefcr adapted for con-
trol from several sources, data analyzing means, 20
means for retaining said analyzing means in con-
tinued analyzing contact with said card for a
series of computing operations, devices for ef-
fecting a computation of one type of data com-
prising two factors derived from the card and 25
determined from the analysis by the correlated
analyzing means and for causing said actuating
means to enter the result of the computation in
said accumulator, devices for effecting a com-
putation of another type of data comprising two 30
factors derived from the same card and deter-
mined from the analysis by the correlated
analyzing means and for causing said actuating
means to enter the result of the computation in
said accumulator, a plurality of control elements 35
each for initiating thea operation of its devices, a
plurality of preset selecting devices for selecting
by a pre-setting thereof any control element to
be effective in one or the other of a succession
of computing operations, and means cooperating 49
with said selecting devices for rendering the
selected control elements effective and in the
sequence predetermined by the pre-setting of the
selecting devices.

10. In a calculating machine capable of effect- 45
ing cross-totalizing calculations and dividing
calculations, in combination, an accumulator,
actuating means therefor adapted for control
from several sources, means for analyzing to be
calculated data represented on a card, devices p0
coordinated for automatic operation for dividing
g dividend by a divisor and for entering the quo-
tient in the accumulator through said actuating
means and including means for rendering the
analyzing means effective as a source of the 53
amounts used in the division, cross-totalizing de-
vices for causing said actuating means to effect
the entry in said accumulator of one or more
items derived from the card by the analyzing
means correlated with one or more fields of the g¢o
card, a plurality of control elements each for
initiating the operation of its devices, a plurality
of preset selecting devices for selecting by a pre-
setting thereof any control element, and means
cooperating with said selecting devices for ren- 65
dering selected control elements successively ef-
fective in a sequence determined by the pre-set-
ting of said selecting devices.

11. In a calculating machine capable of effect-
ing cross-totalizing calculations with either 70
multiplying or dividing calculations, in combina-
tion, an accumulator, actuating means therefor
adapted for control from several sources, means
for analyzing to be calculated data represented
on a card, devices coordinated for automatic 75
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_operation for multiplying s multiplier and multi-

plicand, and for entering the product in the ac-
cumulator through said actuating means and in-

cluding means for rendering the analyzing means

effective as a source of the factors in the multi-
plication, devices coordinated for automatic

-operation for dividing a dividend by a divisor and

for entering the quotient in the accumulator
through said actuating means and Including
means for rendering the analyzing means effec-

tive as g source of the amounts used in the

division, cross-totalizing devices for causing said
actuating means to effect the entry in said ac-

_cumulator of one or more items derived from
“the ecard by the analyzing means correlated with

one or more fields of the card, a plurality of
settable selecting devices and elements controlled
thereby for initiating the operation of the cor-
responding multiplying or dividing devices,
means to initiate the operation of said cross-
totalizing devices, and means cooperating with
said selecting devices for rendering effective in
accordance with the seiting of the selecting de-
vices the desired control element upon the com-
pletion of the cross-totalizing operation to there-
by effect the operation of either the multiplying

"or dividing devices in an uninterrupted sequence

with the operation of the cross-totalizing de-
vices. :

12. In 8 calculating machine capable of ef-
fecting cross-totalizing calculations and dividing
calculations, in combination, an accumulator,
means for analyzing to be caleculated data repre-
sented on a card, devices coordinated for auto-
matic operation for dividing & dividend by a di-
visor and for entering the quotient in the ac-

. cumulator through said actuating means and in-
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cluding means for rendering the analyzing means
effective as @ source of the amounts used in the
division, cross-totalizing devices comprising
means for successively effecting the entry in said
accumulator of values derived directly from the
card by the analyzing means correlated with one
or more flelds of the card, & plurality of normally
ineffective control elements each for initiating
the operation of the devices for one of said cal-
culations, means for rendering effective a control
element related to one of said devices for Initiat-
ing the operation of the corresponding devices,
and means rendered operative by the completed
operation of said last named devices for suto-
matically rendering said other element effective
to cause the automatic operation of the remain-
ing devices.

13, In a calculating machine for effecting mul-
tiplying calculations and cross-totalizing calcula-
tions, the combination with an accumulator, of
actuating means therefor adapted for control
from several sources, means for analyzing repre-
sentations of multipller and multiplicand data
on a card and for anslyzing & plurality of flelds
of dats representations on the same card, means
for retalning said analyzing means in continued
analyzing contact with said card during multi-
plying and cross-totalizing calculations, devices
coordinated for automatic operation for multiply-
ing a multiplier and multiplicand, and for enter-
ing the product in the accumulator through said
actuating means and including means for ren-
dering the analyzing means effective as a source
of the factors in the multiplication, cross-totaliz-
ing devices comprising means for directing the
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entry of values derived from the card by said
analyzing means to sald actuating means to cause
the latter to enter said values in said accumulator,
separate normally ineffective control elements
each when rendered effective for initiating the
operation of the devices for one of said calcula-
tions, means for rendering one of said elements
effective to cause the operation of the corre-
sponding devices, and means operable by the op-
eration of the last-named devices for causing
the other element to be rendered effective to

" cause the other devices to be set in operation.

14, In 2 cslculating machine for effecting mul.
tiplying calculations end dividing cslculations,
the combination with an accumulator, of com-
mon actuating means therefor adapted for con-
trol from several sources, means for analyzing

‘multiplier and multiplicand data on & card, de-

vices coordinated for automatic operation for
multiplylng & multiplier and multiplicand, and
for entering the product in the accumulator
through sald actusting means and including
means for rendering the analyzing means effec-
tive as & source of the factors in the multipli-
cation, supplemental means for analyzing repre-
sentations of divisor and dividend values on the
same card, devices coordinated for automatic op-
eration for dividing 2 dividend by & divisor and
for entering the quotient in the asccumulator
through said sctuating means and including
means for rendering the supplemental analyzing
means effective as a source of the amounts used
in the division, separate normally ineffective
control elements each when rendered effective
for initiating the operation of the devices for one
of said calculations, means for rendering one of
said elements effective to cause the operation of
the corresponding devices, and means operable
by the completed operation of the last-named de-
vices for causing the other element to be ren-
dered effective to cause the other devices to be
set in operation.

15. In a calculating machine with means for
analyzing the representations of a plurality of
values on & single card, means for retaining said
analyzing means in continued analyzing contact
with said card during cross-totalizing and divid-
ing calculations, an accumulator, actuating
meens therefor adepted for control from sev-
eral sources, cross-totalizing devices comprising

" means for successively effecting the entry of

values derived directly from the card and for
causing sald actuating means to enter said values
in the accumulator, devices coordinated for auto-

‘matic operation for dividing a dividend by a di-

visor and for entering the quotient in the ac-
cumulator through said actuating means and
inciluding means for rendering the analyzing
means effective as a source of the amocunts used

"in the division, a plurality of normally ineffective

control elements each for initiating the opera-
tion of the devices for one of said calculations,
means for rendering effective a control element
related to one of said devices for initiating the
operation of the corresponding devices, and
means rendered operative by the completed op-
eration of said last named devices for automsati-
cally rendering sald other element effective to
cause the automatic operation of the correspond-

ing devices.
GUSTAV TAUSCHER.
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